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Abstract 
New monitoring and control tools for simultaneously managing possums, 
rats and mice in New Zealand 
by 
Shona A Sam 
 
Simultaneously managing multiple pest species within one control operation is the most 
beneficial way to effectively manage New Zealand’s introduced mammalian pest species.  
Multi-species pest control can reduce multiple species and therefore is more cost-effective;  
less toxins are applied to the environment and there is reduced risk of meso-predator release.  
There are two main elements required for the success of a multi-species operation; an 
adequate multi-species control system and a multi-species monitoring system to provide 
accurate population estimates.  This thesis describes two new tools (camera trapping and 
multispecies bait) for the simultaneous control and monitoring of possums, rats and mice. 
 
Camera traps have been used internationally to monitor rare and cryptic species in the wild 
and their  potential as a monitoring device and to provide answers to applied questions 
involving activity at bait stations was investigated in this thesis. Camera traps are especially 
useful for monitoring nocturnal behaviour although there was concern that white flash 
cameras may negatively affect behaviour providing results that do not truly represent species 
activity.  Bait station activities of possums, rats and mice were compared at two camera trap 
types; infrared flash and white flash, to determine if white flash negatively influenced 
behaviour.  Possums, rats and mice were not negatively affected by white flash cameras 
compared to infrared and may actually be attracted to the white flash cameras (P=0.437, 
P=0.285, P=0.928).  The lack of significance indicated that white flash cameras could be used 
for behavioural and monitoring studies without affecting behaviour. 
 
Little is known about the interactions between pest species at bait stations and how these 
interactions may influence the success of multi-species control.  Camera traps were used to 
monitor interspecies interactions at bait stations that may influence the success of multi-
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species control operations.  Rats were reduced in an area to investigate the influence they may 
have on mouse activity at bait stations.  A control block was left with both rats and mice 
present.  Camera traps were used to determine the activity of mice at bait stations before, two 
weeks and four months after an intensive rat trapping operation.  Mouse activity increased 
significantly in the absence of rats, particularly at night, the time when rats were most active 
before they were removed (P=0.027).  In the control block (with rats present) there was a 
significantly lower level of mouse activity at bait stations, indicating that rat presence lowers 
mouse activity at bait stations.  Interspecies interactions between rats and mice may reduce 
the success of multi-species pest control operations where rats and mice are the target species. 
 
White flash cameras were able to produce high resolution colour images at night which had 
potential to identify individuals for capture-recapture population estimates.  Possums were 
used as an example species and a method was developed and tested to identify possum 
individuals.  The identification method was tested by five different observers identifying 
possums from camera trap images.  There was high observer variation however, on average 
93% of the time observers could positively or tentatively identify an individual possum.  
Capture-recapture method was used to estimate a small possum population.  Problems with 
camera placement and light variation limited the identification method, however, the 
identification method was able to identify a small population of possums and the method 
could be used for other species.  
 
A newly-developed multi-species pellet bait matrix with the addition of cholecalciferol 0.4% 
was assessed in both cage and field trials for three target species: possums, rats and mice.  The 
multi-species bait matrix was found to be significantly preferred compared with the current 
standard, RS5, for all target species in the field (possums P<0.001, rats P=0.04, mice 
P=0.005).   The addition of cholecalciferol 0.4% yielded high reductions of possums, rats and 
mice in cage (100% reduction for all target species) and field trials (93.5, >83, and 85% 
respectively).  Camera traps were found to be a useful tool for assessing bait effectiveness on 
free-ranging, wild animals.  The cameras were also valuable for identifying the presence of 
low-density pest species that can be difficult to detect with conventional monitoring tools. 
 
 iv 
Camera traps were evaluated as a monitoring tool over a control operation by comparing the 
precision around the reduction estimate and cost effectiveness of camera traps against 
conventional monitoring devices.  Camera traps were able to provide accurate multi-species 
monitoring in control operations (<15% precision around the estimate); comparable with 
conventional monitoring tools.  Camera traps remain an expensive monitoring option for 
single species, however camera traps were cost-effective for multiple species monitoring over 
a five year monitoring period ($6,416 for camera trap monitoring, $8,420 for leg-hold 
trapping and tracking tunnels combined).  Additional information that can be obtained from 
camera trap data such as spatial information and the camera trap ability to detect low-density 
pest populations make the camera trap a practical, cost-effective monitoring tool for multi-
species monitoring. 
 
Keywords: multi-species, camera traps, possums, rats, mice, monitoring tool, inter-species 
interactions, bait matrix, cholecalciferol 
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     Chapter 1 
Introduction 
1.1 Context of thesis 
The damage that introduced mammals, such as possums (Trichosurus vulpecula) and rats 
(Rattus spp) have caused to New Zealand’s flora and fauna is well known (King 2005, Innes 
1995).  To conserve our remaining native species, intensive pest control programmes have 
been instigated.  Most of these control programmes have been successful; with many offshore 
islands being completely cleared of these large vertebrate pests (Towns & Broome 2003, 
Innes et al. 1995, Montague 2000).  On the mainland, intensive strategies such as mainland 
islands and predator proof fences enable conservation groups to maintain pest populations at 
low densities allowing native species to recover (Innes et al. 1999, Powlesland et al. 1999, 
Saunders 2000).  Mainland areas outside of the intensive sites have a significant amounts of 
money allocated towards mammalian pest control every year to reduce mammalian pests to 
low levels.  Research into lowering the cost of pest control while maintaining high reductions 
of pest species is always required. 
 
Multi-species pest control is seen as the best strategy to achieve the high reduction rates of 
mammalian pests required for native species to recover (Eason et al. 2010).  In the context of 
multi-species pest control, the term multi-species throughout this thesis refers to a single bait 
type that has been specifically-designed to target more than one species in a single control 
operation.  Simultaneously controlling multiple species in one control operation provides a 
cost-effective option; reducing toxins applied to the environment whilst providing maximum 
control of pest species and also reducing the effects of meso-predator release.  However 
multi-species pest control is a relatively new concept and there are two main issues that need 
to be considered when applying multi-species pest control.  There is a requirement for the 
multi-species control system to achieve a high level of reduction for all target species, and, a 
requirement for monitoring tools to provide precise population estimates of multiple species 
to adequately assess the outcomes of the control system.  This thesis comprises of two main 
objectives overlying the overall theme of multi-species pest management:  
1. The evaluation of camera traps as a monitoring tool for pest species in New Zealand. 
2. The development and testing of a multi-species cereal pellet for the simultaneous 
control of possums, rats and mice. 
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Figure 1.1 outlines the thesis structure as a sequence of events using camera traps to answer 
specific applied questions surrounding multi-species pest control. 
 
1.2  Camera traps as monitoring tool 
Accurate monitoring of populations is essential in ecological research.  Success of pest 
control operations is determined by monitoring species populations, both pest and native.  
Monitoring is based on estimates of the population and in estimating something there is 
always a degree of error.  Current monitoring tools have the potential for large error in 
population estimates.  Leg-hold trapping is the standard method for monitoring possums over 
a control operation.  National standardised methods are in place for leg-hold trapping 
allowing long term, consistent monitoring to be conducted (NPCA 2007a).  However, leg-
hold trapping can cause an underestimation in the population estimate.  Trapping is an 
invasive technique which means it directly impacts on the animal.  Possums may be captured 
on the first night, however become wary of the trap in subsequent trapping efforts (O’Connor 
& Matthews 1996; Cowan 1992).  Trap-shy behaviour means less possums are captured than 
what is actually in the population causing an underestimation.  Traps will also 
indiscriminately trap animals, therefore ground-dwelling native birds such as Weka 
(Gallirallus australis) or Kiwi (Apteryx spp.) may get injured or killed (Morriss et al. 2000).  
Traps can be set on platforms off the ground to reduce the capture of ground-dwelling birds, 
however evidence suggests that traps lifted off the ground will get reduced possum captures 
(Thomas & Brown 2001).  Non-invasive monitoring methods (tools that do not impact on the 
animal) are ideal monitoring tools as they can be used without the need for human presence or 
objects that might alter animal behaviour.  Non-invasive monitoring tools such as Waxtags 
and tracking tunnels have minimal impact on the animal however without identifying 
individuals accurate population estimates are not possible.  Therefore, non-invasive tools that 
are able to provide accurate population estimates while being practical in the field are always 
in demand.   
 
Camera traps have the capability to be a practical and accurate monitoring tool for 
simultaneously monitoring multiple species.  Camera traps indiscriminately ‘capture’ animals, 
without harm, as they pass by the camera in the form of an image.  However, camera traps 
must be a non-invasive tool to be used effectively as a monitoring device.  Recent evidence 
has indicated that some animals may become wary of the flash mechanism attached to the 
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camera trap and therefore underestimate the population density (Schipper 2007, Wegge et al. 
2004).  Camera trap avoidance by target species is an important consideration before 
monitoring can progress and is discussed in Chapter 2. 
 
Most pest monitoring tools used in New Zealand are species-specific.  Leg-hold trapping 
targets possums, waxTags target possums and possibly rodents and tracking tunnels target 
rodents but not possums.  The most desirable tool for multiple species monitoring is one that 
is able to monitor all target animals with one device.  Monitoring multi-species with a 
singular device allows for the monitoring of pests to be less labour intensive and therefore 
cost effective.  Camera traps can also be left in the field for an extended period further 
lowering labour costs.  Camera trap images allow visual identification of species and 
potentially individuals within species.  Individual identification could allow population 
estimates to be gained through capture-recapture sampling methods.  Individual identification 
of species is discussed in Chapter 4.  Images have the added benefit of containing 
exchangeable image file (exif) data that allows researchers to gather time periods and spatial 
data on species and individuals.  Because of the large amount of data that can be acquired 
from camera trap images there is the potential for a large and diverse range of research to be 
conducted, particularly the monitoring of species activity at bait stations (Chapter 3) and field 
testing of bait developments (Chapter 5).   
 
 1.2.1 Camera trap use for ecology 
Cameras have been used in ecology since the 1950’s; the first camera trap published in 
literature was developed to look at what animals were feeding from at seed plots (Gyles & 
Davis 1956).  The earliest cameras were seen by scientists as bulky and impractical for the 
field and they were disregarded as a suitable scientific device (Long et al. 2008).  In the late 
1980’s deer hunters became interested in camera traps to identify commonly-used deer trails.  
The high demand for camera traps for deer hunting escalated the camera trap technology into 
the production of small, relatively inexpensive camera trap devices.  Camera trap technology 
was rediscovered by ecologists in the 1990’s where they were used to discover rare and 
cryptic species such as tigers (Panthera tigris) (Karanth 1995).   The dramatic increase of 
publications involving camera trapping indicates the interest and success of using camera 
traps in ecology (Rowcliffe &Carbone 2008) (Figure 1.2).  
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Figure 1.2.  Publications investigating or using camera trapping methods extracted from Web 
of Science topic search on ‘camera trap’.  The 2008 figure is pro rata based on publications 
from the first two months of the year.  Rowcliffe & Carbone (2008). 
 
Internationally, ecologists have used camera traps to detect rare species in the wild and have 
been used in abundance estimates, censuses, and capture-recapture studies (Rowcliffe & 
Carbone 2008, Yasuda 2004, Mace et al. 1994, Karanth & Nicholls 1998).  Camera traps have 
also been used to investigate habitat preferences and the distribution of species within a 
landscape (Bowkett et al. 2007; Kinnaird et al. 2003).  The majority of camera trap studies 
has involved large cat species where unique coat markers allow for individual identification.  
The most notable use of camera traps has been in the identification and monitoring of tiger 
populations (Karanth & Nicholls 1998, Karanth et al. 2004, Carbone et al. 2001).  In New 
Zealand camera traps have not been used in ecology.  Video surveillance has been extensively 
used (Innes et al. 1994, Saunders & Maloney 2002, Brown et al 1998), however in most cases 
video technology remains an expensive and bulky option.  Camera traps by comparison are an 
inexpensive and lightweight option that can provide similar data as video surveillance.  
Therefore assessing the camera traps potential as a monitoring tool for pest species in New 
Zealand forms a large component of this PhD. 
 
 1.2.2 Components of the camera trap and how it works 
A camera trap has three basic components: digital camera, infrared detection sensor and  
control board (Figure 1.3).  The camera trap will also have a white flash or an infrared flash 
attached to the camera depending on the type.  The camera and associated components are 
contained within a hard, waterproof case.  The camera is triggered to take an image by the 
infrared detection sensor.  Upon the sensor detecting movement of an animal in its detection 
zone it triggers the camera to take an image (Figure 1.4).  The sensor detects movement by 
 5 
thermal radiation i.e. animal body heat, so the camera is not likely to be triggered by objects 
such as falling branches.  The camera is set on automatic focus therefore it should give a clear 
image no matter where the animal is in the detection zone.  There are two types of infrared 
detection sensors available; active and passive.  Active infrared sensors require a transmitter 
and reflector device placed opposite each other.  An infrared beam is transmitted to the 
reflector and when the beam is broken by an animal it triggers the camera to take images.  The 
passive infrared sensor is all inclusive in the camera trap and the sensor projects a segment-
shaped infrared detection zone (Figure 1.4).  Upon an animal entering the detection zone, the 
sensor triggers the camera to take images.  Evidence has shown that the passive infrared 
sensor was significantly more efficient at detecting species than the active sensor; as animals 
may be able to move under or around the active sensor beam and not be detected (Stevens & 
Serfass 2008). 
 
Figure 1.3.  Detail of the camera trap components.  Figure shown is inside the Digital Eye 7.2 
camera trap used for this PhD. 
 
The control board allows setting changes for specific requirements such as day or night only 
action.  Time delay settings on the control board allow the camera to take images within an 
allocated time frequency; regardless of the animal’s movement in front of the camera.  For 
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example a 20 second time delay setting means the camera will only take an image every 20 
seconds while an animal is in the detection zone. The time delay allows for less images to be 
taken of the same animal providing more storage space and lengthening the time that the 
camera could be left in the field. 
 
Figure 1.4.  Passive infrared (PIR) sensor detection zone of the Digital Eye 7.2 camera traps 
used within this PhD.  Shaded area shows the detection area of the passive sensor of the 
camera trap and the area the detection zone covers. 
 
Pixcontroller Digital Eye 7.2 (www.pixcontroller.com) camera traps were chosen for this PhD 
as the cameras were able to offer essential features required for my research.  The essential 
features were: 
 The same brand of camera was required to have both camera flash types (white flash 
and infrared flash),  
 had limited maintenance resources required for its continued use in the field (only 
required replacement of the 3v battery for the control board), 
 had the fastest trigger speed (how fast the camera could take an image once an animal 
was detected) on the market at the time, and,   
 an infrared detection sensor that was sensitive enough to detect mice (smallest target 
species for this PhD). 
 
The Digital Eye 7.2 camera trap has a passive infrared sensor.  There were eight time delay 
settings on the camera trap; trail mode, 10 and 30 second, one, two, five, 10 and 20 minute 
image delay frequencies.  The trail mode frequency setting was exclusive to the Pixcontroller 
brand of camera traps and allows continuous capturing of images while an animal is within 
the sensor detection zone. 
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1.3 Multi-species pest control 
Over the last 20 years, pest control research has primarily focused on the improvement of 
existing systems which have entailed products such as sodium fluoroacetate (compound 1080) 
and brodifacoum (Eason et al. 2010).  Possums as a single species has dominated pest control 
efforts with government agencies, such as the Animal Health Board directing funding efforts 
towards the reduction of possums in the effort to eliminate bovine tuberculosis from livestock 
(www.ahb.govt.nz).  Considerable research and funding has been allocated to possum control; 
in excess of $10 million dollars per annum (Eason et al. 2010).  The focus on existing 
techniques has meant that alternative and potentially better techniques have not been 
researched for their potential for pest control in New Zealand.   
 
Single species pest control can have unforeseen negative consequences leading to control 
operations being counter-productive.  One major consequence of single species control is 
meso-release.  Meso-release is the change in the hierarchical relationships between predators 
when a dominant predator is controlled in an environment.  Where there is more than one 
predator with overlapping diets present in an environment, one predator is dominant and the 
primary threat to prey.  The dominant predator restricts the increase of other predators by 
competition or predation.  However, when the dominant species is reduced or eradicated from 
the environment (such as in single species pest control) the predators are ‘released’ from the 
dominant competition and predation.  Release from dominant pressure allows other predators 
to increase in number and become the primary threat to prey.  Meso-release is evident in areas 
that have a predator-proof fence; Karori Wildlife Sanctuary have seen dramatic increases in 
mice inside the fenced area upon the eradication of larger, more dominant pests such as 
possums and rats (Karori, 2008).  Sweetapple and Nugent (2007) found that rat populations 
left uncontrolled after the reduction of possums increased five-fold and remained at high 
levels for over five years.  The increase of predators are able to cause considerable impact on 
native species, therefore single species control negates any benefits by reducing just the 
dominant predator.  Multi-species pest control has several benefits; only one control operation 
is required instead of two or more which lowers labour and resources cost, less toxins are 
applied to the environment and reduces the effect of meso-release; all whilst producing the 
highest outcomes for the conservation of native species.   
 
Multi-species pest control requires a system that has the capability of reducing all target 
species equally, to a low level.  Developers such as Connovation Ltd are constantly in the 
process of developing new products that aim to maximise the reduction of target species.   
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One new product recently developed by Connovation Ltd is a multi-species cereal pellet bait 
that has the potential to simultaneously control possums, rats and mice (Mus musculus).  The 
bait development has involved the testing of palatable bait ingredients to encompass all the 
target species (R Henderson, unpublished data).  Research has shown possums, rats and mice 
have different taste preferences therefore finding a balance to provide a palatable bait for all 
three target species is a major development for multi-species pest control (Clapperton 2006).  
However the bait remains untested in the field.  Further to the bait development, multi-species 
bait control requires a toxin that will be equally effective for all three target species.  Toxins 
such as compound 1080 will have secondary reductions of other species such as rats, but rats 
are quite often not reduced to a level that is sufficient to allow the recovery of native species 
(Sweetapple & Nugent 2001).  Compound 1080 has excellent results for possum control 
however have not been particularly successful for the control of mice (Alterio 2000, Miller & 
Miller 1995, Moughtin 2000).  More species-specific rodenticides, such as brodifacoum, have 
a greater success for rat and mouse control (Clapperton 2006, O’Connor & Booth 2001).  
However, brodifacoum has serious long term toxic effects on the environment and its use is 
restricted.  Therefore there is a need to test the multi-species bait with a toxin that efficiently 
reduces possums, rats and mice.   
 
Within this thesis a multi-species non-toxic bait matrix is assessed in cage and field trials 
along with the addition of a potential multi-species toxin for the simultaneous control of 
possums, rats and mice (Chapter 5).  A preliminary investigation of the role interspecies 
interactions at bait stations may play in the outcome of multi-species control operations is an 
important consideration when applying multi-species pest management and is investigated in 
Chapter 3. 
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1.4 Thesis structure 
The thesis is structured as seven chapters inter-linked  within a multi-species pest 
management theme.  Figure 1.1 provides an outline of the rationale and studies undertaken 
(each presented as a separate chapter).  One consideration on using camera traps was the 
impact the camera flash may have on the target species.  The second chapter investigates the 
white flash cameras impacts on behaviour and movement at bait stations compared with 
infrared flash cameras for three target species: possums, rats and mice.  The third chapter 
investigates camera trap ability to provide answers on inter-species interactions at bait stations 
that may hinder the success of multi-species pest control.  The fourth chapter is the 
development and preliminary testing of a method for the identification of individual possums 
using camera trap images to provide population estimates.  Chapter 5 incorporates camera 
trap monitoring into bait development and a newly-developed multi-species bait was tested in 
both cage and field trials.  A multi-species toxin was also tested in three field trial sites for the 
simultaneous control of possums, rats and mice.  The sixth chapter involves encompassing all 
of the methods developed throughout this thesis within a control operation to evaluate camera 
traps as an efficient multi-species monitoring tool.  The final chapter presents a summary of 
the camera traps as a monitoring tool and the effectiveness of the multi-species bait.  
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Figure 1.1. Outline of the topic areas and specific research objectives addressed in this 
thesis, in the context of multi-species pest monitoring and control. 
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     Chapter 2 
Influence of camera trap flash type on possum, rat and mouse 
activity at bait stations 
2.1 Introduction 
The number of wildlife studies that utilise camera trap technology has increased dramatically 
over the last ten years (Rowcliffe et al. 2008), in parallel with camera and motion detection 
advancements.  Camera traps have the benefit of being used remotely without the need for 
direct contact with animals. In particular, camera trap research has been shown to provide 
excellent results in discovering and monitoring rare and cryptic species (Rowcliffe & Carbone 
2008; Cutler & Swann 1999).  Camera traps, in a nocturnal situation have conventionally had 
infrared flash.  Many studies involving different species, and comparative evaluations with 
other indirect monitoring techniques, show that infrared cameras have minimal impact on 
species behaviour (Silveira et al. 2003; Carbone et al. 2001; Stevens & Surfass 2008; 
Rowcliffe et al. 2008).   
 
One potential use for camera traps is population studies.  Although camera traps have 
increased in use, monitoring the number of individuals in a population has been restricted to 
species that have individually-distinctive markings, such as tigers (Panthera tigris). Although 
recent studies show that it may be possible to estimate populations without the need for 
identifying individuals, research is still required to validate these theories (Rowcliffe et al. 
2008; Royle et al. 2008).  Being able to identify individuals from camera images allows 
capture-recapture studies. However to identify individuals it is important to have clear, high-
resolution images both during the day and at night.  For species such as tigers, infrared flash 
cameras give adequate image quality for individual identification (Karanth et al. 2004; Kelly 
et al. 2008).  However, when using camera traps to identify the more cryptic species there is a 
need for high resolution coloured images.  White flash cameras are available which give the 
quality required to identify small unique markers on more uniform-appearing species. New 
Zealand’s introduced mammalian pests, such as brushtail possums (Trichosurus vulpecula), 
have little overt morphological variation between individuals.  However, high resolution 
images allow the magnification of specific anatomical features.  From the magnified images it 
may be possible to identify individuals using small markers such as ear veins and permanent 
scarring, or a combination of these markers.  Identifying individuals would enable the camera 
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traps to be used to monitor population abundance in control operations and other population 
studies. 
 
Camera traps have not been used as a monitoring device for pest control operations.  Cameras 
have been used for investigating the activities of individual animals. For example, camera 
traps have been used to investigate black bear activities at a prototype rubbish receptacle 
(Makkay et al. 2010).  Although video surveillance could provide the same results, most 
video surveillance equipment is bulky, heavy and expensive compared with camera traps. 
Camera traps are a small, lightweight, inexpensive tool for researchers.  However, cameras 
have not been used formally as a statistically viable monitoring tool.  White flash cameras 
provide high resolution photos allowing magnification of particular activities or features, such 
as the bait animals may be feeding on in a palatability trial.  The white flash camera emits a 
sudden burst of bright white light raising the possibility of target animals modifying their 
behaviour, such as moving away from the area.  A study with the nocturnal Kinkajou (Potos 
flavus) found they were stunned by white flash camera traps and would readily avoid areas 
where white flash cameras were present (Schipper 2007).  Target species avoiding bait 
stations during a pest control operation has the potential to cause the failure of that operation.   
There have been studies comparing video surveillance with different camera trap types, such 
as passive or active infrared flash cameras (Jackson et al. 2006; Stevens & Serfass 2008) but 
there has not been a study examining the potential affects of white flash cameras.   
 
The objective of this study was to determine whether white flash cameras reduce the activity 
of possums, rats and mice, at bait stations, compared with infrared flash cameras.  This 
objective was addressed by comparing the number of feeding events of each species and the 
amount of time each species spent at bait stations during feeding events, for the two different 
camera types. 
 
2.2 Study Areas 
The first trial site was at a 700 ha pine (Pinus radiata) plantation situated in Glenroy, 
Canterbury, New Zealand (43°29.5255S, 171°45.215E).  The trees were approximately 25 
years old and situated on undulating to steep ground.  The plantation was intermittently 
broken up by small stands of native beech (Nothofagus spp).  Preliminary monitoring with 
WaxTags (www.pestcontrolresearch.co.nz) before the trial indicated that possums were 
present in the study area (80% of waxtags were bitten).  
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The second trial site was at Onawe Peninsula, Banks Peninsula, New Zealand (43°46’27.41S, 
172°55’32.17E).  The site was a small 24 hectare peninsula between Barry’s Bay and 
Duvauchelle Bay.  It has regenerating contiguous native bush throughout the eastern and 
southern sides of the peninsula and large broken patches of regenerating native bush on the 
western side. The majority of the forest is on the steep hilly sides of the peninsula.  Native 
bush represents approximately 65% of the vegetation on the peninsula.  The peninsula 
consists of Kanuka scrub (Kunzea ericoides) with scatterings of Kowhai (Sophora tetraptera) 
and broadleaf species.  The undergrowth consists largely of Helichrysum lanceolatum spp. 
and Coprosma spp.  The rest of the peninsula is made up of tall, thick, undisturbed exotic 
grasses.  
 
Preliminary monitoring with tracking tunnels before the trial indicated rat activity dominated 
the trial area (six out of the seven tracking tunnels showed rat activity), however after a rat 
control operation mouse activity increased dramatically and therefore the same site was used 
for mice trials (Chapter 3). 
 
2.3 Methods 
A total of 30 cameras were deployed throughout the sites at Glenroy and Onawe Peninsula; 15 
with infrared flash and 15 with white flash.  Camera traps were Pixcontroller Digital Eye 7.2 
(Figure 1.2 www.pixcontroller.com).  The cameras consisted of a Sony digital camera (Sony 
W55) attached to a control board which contained a passive infrared sensor.  When the sensor 
was triggered by heat and movement, the camera was activated to record an image.  All 
cameras were configured to ‘trail’ mode which took images at the quickest rate possible 
(about one image every three seconds) for the entire time an animal was moving in front of 
the camera.  A pair of kilmore bait stations (www.pestcontrolresearch.co.nz) were attached to 
a tree within the field of view of each camera trap.  Bait used for this trial was multi-species 4 
g sized cereal pellet.   
 
Cameras and bait were checked every second day and, if required, the bait was replaced with 
new bait.  Camera batteries and memory cards were also replaced every second day. 
 
2.3.1 Possums 
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The 30 camera stations were deployed in sets of 10 stations.  Out of the 10 cameras five were 
infrared flash, and five were white flash.  The 10 cameras were deployed for six consecutive 
nights at a time.  After each period of six nights, all 10 cameras (with their bait station pair) 
were moved to a new set of 10 sites, independent of the last. The two camera trap types were 
deployed in alternating sequence, with a minimum spacing of 200 m from adjacent camera 
stations. Approximately 800 g of cereal bait was placed in each bait station, and the actual 
weight of bait was measured at the start and finish of each trial period. 
 
2.3.2 Rats 
A total of 30 camera stations were also used for the rat trial, deployed in sets of 10 and for a 
period of six nights.  The minimum spacing between stations was 50 m. Approximately 400 g 
of cereal bait was placed in each station. 
 
2.3.3 Mice 
A total of 14 camera stations were used for the mouse trial which were all deployed 
simultaneously at random sites, at a minimum 50 m spacing. Approximately 100 g of cereal 
bait was placed at each station.  
 
The spacing between cameras at each of the trial sites provided an independent sampling unit 
(NPCA 2004; Thomas 2005).   
 
2.4 Analysis 
For every camera, the number of target species events was counted.  Because of the large 
number of images that were taken of single individual at any one bait station, and the 
variability of the camera image timing, number of events was used to reduce replications of 
the same individual.  One event consisted of one individual entering and exiting the field of 
view of the camera.  Images that were empty of animals, or displayed species other than the 
target species, were disregarded.  Given that we could not accurately identify individual 
animals (particularly rats and mice), each individual camera station was considered to be the 
sampling unit. Accordingly, data was collated for each camera each night (over the six night 
period) and the mean, or the total count of events per night (per camera), was used in the 
statistical analysis. The mean total number of events for each camera (for the two camera 
types) were statistically compared with a two-sample students t-test.  The total number of 
events was then broken down into a count of the number of events per night and this was 
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analysed by a generalised linear model using a negative binomial error distribution for each 
target species.  The amount of time each individual event took was gathered from the 
exchangeable image file (exif data); the start and finish of each event was noted and event 
length (infrared or white flash) was taken by subtracting the finish time from the start time. 
Because the exif data only presented information to the nearest minute of time, the amount of 
time the target species spent at the station was a maximum time limit for the event.  For 
possums, the time spent at the two different camera stations was analysed with a generalised 
linear mixed model with a normal error distribution. The amount of time rats and mice spent 
at the station was strongly distributed to the left, therefore a Poisson distribution was the best 
fit for these two species.  The fixed effects used in the model were the type of camera flash 
and night of observation. The random effects were the camera number and camera 
number.night interaction. 
 
Bait take by possums from the stations was measured by weighing the bait in each station at 
the start and end of each six-night period.  A two-sample student t-test was then used to 
compare mean bait take at infrared cameras to that at white flash camera stations. All 
statistical analysis was conducted using GenStat version 12.  During both rodent trials there 
were non-target animals observed taking significant portions of bait from the stations 
therefore bait take could not be analysed for rats and mice. 
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2.5 Results 
 
2.5.1 Possums 
Of the 30 camera stations, 22 had possum events (12 white flash cameras and 10 infrared 
flash cameras). Only the data from these 22 cameras were analysed.  Over the six night period 
there were 260 possum events; 105 infrared flash camera events and 155 white flash camera 
events.  Although there were more possum activity events for the white flash cameras (Figure 
2.1), it was not found to be significantly different (t=2.10, df=20, P=0.437).  The number of 
events per night remained fairly constant over time suggesting there were a consistent number 
of possums visiting each camera station every night. 
 
Over time, with the exception of night four, the average number of events was slightly higher 
for the white flash cameras (Figure 2.2), however no statistically significant difference was 
found (χ2=0.701, df=5, P=0.622). The amount of time spent at each of the two different 
camera types (Figure 2.3) did not show any significant difference (F5,248=0.46; P=0.674).  The 
amount of bait taken by possums was also found to be insignificantly different between the 
two camera types (t=2.09, df=18, P=0.61) (Figure 2.4). 
 
 
 
 
Figure 2.1.  Mean number of possum events per camera for the two camera types (+ SEM).  
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Figure 2.2.  Mean number of possum events per night for the two camera types (+ SEM).  
 
 
Figure 2.3.  Mean amount of time possums spent during events each event over 6 nights for 
the two camera types (+ SEM). 
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Figure 2.4.  Mean amount of bait consumed by possums at the two camera types (+ SEM). 
 
2.5.2 Rats 
Of the 30 camera stations, 28 had rat events (15 white flash cameras and 13 infrared flash 
cameras). Only the data from these 28 cameras were analysed.  Over the six night period there 
were 548 rat events; 184 infrared flash camera events and 364 white flash camera events. 
Although there were more rat activity events for the white flash cameras, it was not found to 
be significantly different (t=1.73, df=18, P=0.285) most likely due to the high variation 
between the stations (Figure 2.5).  
 
Over time, the mean number of events was not significantly higher for the white flash 
cameras than the infrared flash cameras (χ2=8.84, df=5, P=0.116) (Figure 2.6). The graph 
shows a consistent number of events at the white flash stations and a slight decline in the 
number of events at the infrared flash stations over the six nights.  The amount of time spent 
at the two different camera types did not show any significant difference (F5,81.1=0.95, df=5, 
P=0.452) (Figure 2.7).   
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Figure 2.5. Mean number of rat events per camera for the two camera types (+ SEM). 
 
 
Figure 2.6.  Mean number of rat events per night for the two camera types (+ SEM).   
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Figure 2.7.  Mean amount of time rats spent during events over time for the two camera types 
(+ SEM). 
 
2.5.3 Mice 
Of the 14 camera stations, 13 had mouse events (seven white flash cameras and six infrared 
flash cameras).  Over the six night period there were 777 mice events; 327 infrared flash 
camera events and 450 white flash camera events.  The white flash cameras showed a higher 
number of events although this was not significant (t=1.79, df=11, P=0.928) (Figure 2.8). 
 
The number of events over time at the white flash and infrared flash stations was significantly 
different (F5,55.1=2.72, df=5,P=0.029) (Figure 2.9).  The number of events in both camera 
types increased then decreased sharply through the six nights.  The significance was due to 
higher number of white flash events occurring at night four and five compared to the infrared 
flash events.  The white flash cameras had lower number of events during the first three nights 
and higher number of events in the last three nights, compared with the infrared flash camera.  
The amount of time spent at the stations was not significantly different (F5,30.3=0.64, df=5, 
P=0.674) (Figure 2.10). 
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Figure 2.8.  Mean number of mouse events per camera for the two camera types (+ SEM). 
 
 
 
Figure 2.9.  Mean number of mouse events per night for the two camera types (+ SEM).   
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Figure 2.10.  Mean amount of time mice spent during events over time for the two camera 
types (+ SEM). 
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2.6 Discussion 
Overall there was no significant difference found between the number of events at infrared 
flash cameras compared to white flash cameras, for possums and rats.  Mice showed a 
significant difference in the number of events over time, with a higher number of white flash 
events.  Therefore white flash cameras were not seen to impact negatively on mouse 
behaviour when compared with infrared flash cameras.  In most cases the number of white 
flash events was higher than that for infrared flash events for all three species indicating the 
white flash may be a visual attractant for these animals.   
 
 2.6.1 Possums 
The number of possum events ‘captured’ by the cameras did not change when using the white 
flash camera. The number of times possums visited a station, how long they spent at the 
station (Figures 2.2 & 2.3) or how much bait they consumed while at the station (Figure 2.4) 
were not significantly different to the capture rate at the infrared flash camera stations.  If any 
animal was wary of the white flash camera there would be an initial short visit, and possibly 
subsequent short visits, until the animal perceived no threat from the white flash or became 
conditioned to it.  However this was not the case for possums.  Possums in New Zealand are 
relatively unchallenged in their environment and therefore it is thought they would have the 
opportunity and disposition to explore and investigate novel objects.  The new object in this 
case is the white flash of a camera going off and then subsequent constant flashing while the 
animal was at the station.  A study involving the assessment of a possum population towards 
potential threats found them to have little change in feeding behaviour when a threat was 
presented to them (McDonald-Madden et al. 2000).  It is therefore evident that when food is 
used as a lure, possums will readily approach a new object.  Once the station had been 
initially explored with no negative consequences, it was likely the possum would not be 
bothered by the white flash shown by the lack of change in the number of events in this study 
(Figure 2.1).  
 
When exposed to a negative experience, possums do have the capability to learn to quickly 
avoid that object.  This is shown by the possum eating toxic bait producing sub lethal effects, 
they will become ‘bait shy’ towards any bait regardless of whether it is toxic or non-toxic 
(Morgan et al. 1996; Ross et al. 1997).  Therefore, they have the capability of perceiving 
threats once they have been experienced and modify their behaviours accordingly.  The 
possum population in this study had not been exposed to bait stations within the last five 
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years, so did not have any bait shyness towards the station. Therefore the possum population 
in this study would be bolder in initially approaching the stations than those possums that had 
been previously exposed to bait stations.   
 
There have been a number of techniques explored for luring possums to a bait station, 
including smell, taste, sound and visual stimuli (Ogilvie & Sakata 2006; Ogilvie et al. 2006; 
Warburton & Yockney 2009; Thomas & Maddigan 2004).  Possums seem to be attracted to 
light; studies have shown that fluorescent lures beside wax bait interference devices will give 
higher number of bites than those without a fluorescent lure (Ogilvie et al. 2006).  Another 
study using a box with white light indicated that possums will investigate the box more when 
there is white light present than without (Carey et al. 1997).  There were slightly more 
possum events with the white flash cameras in the present study and it may be that possums 
are attracted to the bait stations by the white flash being activated.  Although there was no 
significant increase in possum events over six nights, prolonged studies of this nature may see 
an increase in events as more possums are attracted to the stations (see Chapter 6). 
 
 2.6.2 Rats 
There were no negative impacts of the white flash cameras when compared to the infrared 
flash cameras for rats.  However, there seemed to be a slight decline in the infrared flash 
events over time (Figure 2.6).  All the cameras have a small infrared sensor which triggers the 
camera to take images.  The infrared sensor works at a thermal level above 10,000 nm, which 
is unable to be seen. The near infrared filter that covers the camera flash is 830 nm and may 
be seen by some animals.  Research with ferrets (Mustela furo) has indicated they are able to 
see infrared light below 870 nm (Newbold 2007).  It is likely that rats are able to see the light 
on the infrared flash cameras, but more importantly after initial investigation they were not 
returning to the infrared flash stations.  Prout (2003) investigated a tunnel which used infrared 
gates at the entrance and found a significantly lower number of rats visited those tunnels in 
comparison to tunnels without infrared.  This adds strength to the hypothesis that rats will 
avoid areas where infrared devices are present.  If rats avoid infrared flash stations they may 
also be avoiding all bait stations based on that experience which could complicate any control 
operations where these cameras are used.  Interestingly, the avoidance of stations by rats was 
not seen at the white flash stations.  The number of rat events at the white flash stations was 
fairly consistent over time (Figure 2.6).  The consistency of white flash events would indicate 
that white flash does not affect rat behaviour.   
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Rats are known to be neophobic, i.e. avoid novel objects in a familiar environment (Meehan 
1984; Howard 1987).  Neophobia can be influenced by factors such as predation threats, food 
availability and previous experience of novel objects (Greenberg & Mettke-Hofman 2001).  
The rats from this study had not previously been exposed to bait stations or camera traps.  
There was no significant change in the number of events or the time spent across the two 
cameras types (Figure 2.5&2.6). The similar number of events would indicate no neophobic 
tendencies within this population towards the white flash cameras.  Lack of predators and 
competitors on this peninsula may result in rats being bolder in their approach to bait stations.  
There was a large number of rats present at the trial site (Chapter 3) therefore there may have 
also been a lack of food resources which would also make rats bolder in their initial approach 
to the stations.  
 
 2.6.3 Mice 
The impact that white flash cameras have on mouse behaviour at bait stations remains 
unclear.  The higher white flash events compared with infrared flash events would suggest 
there was no negative impact of the white flash on mice behaviour.  However, the low number 
of events for both camera types during the first three nights could be an indication of a 
neophobic response.  Some researchers have shown that mice have a tendency to be neophilic, 
i.e. will readily approach novel objects (Chitty 1954; Barnett 1988) while other studies 
indicate that mice are neophobic (Misslin & Ropartz 1981).  If mice were neophobic towards 
the cameras you would expect to see short initial visits which would increase and remain at 
high levels as they became habituated, however this was not the case.  There was an initial 
low number of events at both camera types which increased sharply, however the increase 
declined just as rapidly, particularly at the infrared flash stations (Figure 2.10).  There has 
been no research on the change in mouse behaviour towards novel objects over time; 
therefore a neophobic response should not be discounted as the reason for the low number of 
events seen during the first three nights.   
 
The large variability of events over time at both camera types was likely to be caused by 
statistical error.  There was only seven white and six infrared flash camera stations analysed 
for the mouse trial.  Also mouse trials had high variability of events among the camera 
stations; therefore the small sample size coupled with high variability of events among camera 
stations would be influencing the results seen in the mouse trial.  Further research of this 
nature with more sampling units may give a clearer indication of trends over time and validate 
further the results seen in this trial. 
 26 
 
Rat presence at the bait stations may be confounding the mouse results seen in this trial.  
Studies have shown rats will kill mice (Ewer 1971) and are likely to be dominant competitors 
over mice (Hancock 2008). The results of this trial may represent a change in mouse 
behaviour due to rat presence at the bait stations rather than an effect of the camera traps.  
Chapter 3 takes this idea further and investigates the how interspecies interactions may 
influence activities at bait stations, particularly for the success of multi-species control 
operations.  
 
For both rodent species, there was a strong left distribution in the amount of time spent at the 
bait station during an event.  Rats and mice generally spent very little time at the station; they 
would grab a pellet and move outside of the camera range, sometimes only giving one or two 
images for that event. The cameras only give the time data at one minute increments. The 
number of images would indicate that those events may realistically be as short as three 
seconds in length.  If the camera was able to give second increments we may see a difference 
in the amount of time spent at the stations during an event and a clearer indication of any 
neophobic tendencies. 
 
This information opens new opportunities for using white flash to identify individuals and 
progress into using cameras for monitoring bait efficiency in control operations and in the 
research of new control tools.  Care should be taken when using white flash cameras for other 
species, particularly native species, as the cameras may be attracting predators such as 
possums to the immediate area. It would be advised that all camera trap research undergo 
pilot trials to determine the potential change in predator events and change in target species 
events before a full trial using camera traps is undertaken. 
 
2.7 Summary 
The objective of this study was to determine whether white flash cameras reduce the feeding 
activity times of possums, rats and mice, at bait stations, compared with infrared flash 
cameras.  The results of this study show that none of the target species showed a reduction in 
events at the white flash stations.  Possum events did not significantly change and bait take 
showed they did not modify their eating habits at the white flash stations compared with 
infrared flash stations.  A slight decline in rat events at infrared flash stations may indicate an 
avoidance of those stations but this wasn’t indicative of the events seen at white flash stations. 
Mice showed a significant change in events between the two camera types over time; however 
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the change was not a negative one.  The mouse trial may indicate that both camera types may 
be impacting on mouse behaviour and care should be taken when using camera traps for mice.  
 
There was no evidence to suggest that white flash cameras negatively influence possum, rat or 
mouse behaviour at bait stations and therefore can be used for behavioural studies and 
monitoring without concern that the camera themselves are having impact on behaviour.  
Possums and rats may be attracted to white flash cameras and this phenomenon should be 
recognised in the interpretation of any results.  Although no negative impacts were seen with 
the white flash cameras, camera traps may be influencing mouse behaviour and this should be 
taken into consideration when using any camera traps with this species. 
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     Chapter 3 
The influence of inter-species interaction on the effectiveness of 
multi-species pest control tools 
3.1 Introduction 
Camera technology for applied ecological research has made significant advances over the 
last 20 years.  Camera trap technology once used film cameras, with large time delays and a 
limited range of field climates in which they could be used.  These inadequacies have been 
improved with the advancement of digital camera technology.  As a result there has been a 
dramatic increase in published research where camera traps have been used (Rowcliffe & 
Carbone 2008).  However, as camera trapping has had limited use in New Zealand ecological 
research, this new technology has potential to address questions that have otherwise been 
elusive.  The previous chapter looked at using cameras at bait stations with different camera 
flash types, to get an indication of the change in activity that the flash types may cause to 
animals visiting bait stations.  This chapter takes camera traps further and investigates animal 
interactions at bait stations to determine if inter-species interactions may hinder the success of 
multi-species control operations. 
 
The use of a single bait type that simultaneously controls multiple species is a new 
development in pest management.  New Zealand’s conservation strategies in the past ten 
years have gravitated toward ecosystem management rather than species-specific management 
for native species (Saunders & Norton 2001).  Ecosystem management approaches provide 
conservation benefits across many native animal groups.  However, pest management has 
often taken a single-species approach.  Reasons for this include funding providers, such as the 
Animal Health Board, having prioritised possum (Trichosurus vulpecula) control for the 
reduction of bovine tuberculosis.  Recent research has indicated that for conservation 
purposes, single-species pest control may be counter-productive and may not provide the 
conservation outcomes that are required (Eason et al. 2008; Forsyth et al. 2000; Nugent et al. 
2007).  Sweetapple and Nugent (2007) found that reducing possums can cause a dramatic 
increase in rats.  Meso-competitor release is the most likely cause; whereby a dominant 
competitor is reduced allowing an inferior competitor to increase in number.  There are a 
number of other studies that have found similar unintended consequences of single-species 
control (Tompkins & Veltman 2006; Murphy & Bradfield 1992; Courchamp et al. 1999, Caut 
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et al. 2007).  A multi-species approach to pest control could reduce the majority of pest 
species simultaneously thereby reducing the meso-release response (Eason et al. 2008; 
Morgan et al. 1996). 
 
The difficulty with multi-species pest control is providing one control method that is of equal 
efficiency for all target species.  When using bait as a means of reducing pest populations, 
there are three key elements to providing effective multi-species pest control.  First, the multi-
species bait must be palatable for all target species. Second, the toxin must be effective for all 
target species. Finally, all target species must have the same opportunity of consuming a 
lethal dose of bait.  The first two elements are investigated in Chapter 5, where a newly-
developed multi-species bait is assessed for the simultaneous control of possums, rats and 
mice.  Little is known about pest inter-species interactions in New Zealand, particularly at bait 
stations, where interactions may cause a reduction in access to bait for one or more target 
species.  Competitive inter-species interactions surrounding food is common across most 
mammalian groups where dietary and habitat conditions overlap; Brown (1971) found one 
chipmunk species (Eutamias dorsalis) will aggressively compete for food with another 
chipmunk (Eutamias unbrinus) when found in the same habitat.  Within a group of avian 
scavengers, there was both intra-species and inter-species competition at food carcasses 
(Wallace & Temple 1987) whereby those birds with a larger body mass were found to 
aggressively exclude others from the food.  Chimpanzee (Pan troglodytes schweinfurthii) 
foraging was found to be negatively affected by competition from the invasion of yellow 
baboons (Papio cynocephalus cynocephalus) into an area of Tanzania (Matsumoto-Oda & 
Kasagula 2000). 
 
Mice are known to be difficult to control, partly due to their sample eating habits, i.e. they 
take a small sample of food and return frequently to feed (MacKay et al. 2007; O’Connor & 
Booth 2001; Clapperton 2006).  Inter-species interactions at bait stations may be causing 
problems with the success of mouse control operations (which will be discussed later in 
Chapter 5).  Rats have been known to be aggressive towards mice and may even prey on mice 
(Clapperton 2006).  Rats and mice do have a significant dietary overlap and other studies 
suggest rats are a dominant competitor over mice, so there is potential that rats may influence 
mouse activity at bait stations (Caut et al. 2007, Ylönen et al. 2002). 
 
If rats are reducing mouse activity at bait stations, then it is likely that mice are not getting the 
opportunity to consume a lethal amount of bait, leading to failures in mouse control 
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operations.  The objective of this chapter was to use camera traps at bait stations to determine 
if there are any changes in mouse activity rates that may be caused by the presence of rats. 
 
The hypotheses were: 
H0 = The presence of rats does not change mouse activity rates at bait stations 
H1 = The presence of rats causes a change in mouse activity rates at bait stations  
 
3.2 Methods 
 3.2.1 Study site preparation 
The study site was an area of native forest on the eastern side of Onawe Peninsula, described 
in detail in Chapter 2.  The site was divided into three parts; a treatment block, a control (non-
treatment) block and a buffer zone in between.  The treatment and control blocks were each 
approximately 250 x 120 m.  The buffer zone separated these two blocks by a minimum of 
250 m (Figure 3.2).  This study was undertaken with the approval of the Lincoln University 
Animal Ethics Committee (Approval No. HSC10004). 
 
 
Figure 3.1.  Eastern side of Onawe Peninsula, showing the treatment and control blocks, with 
a buffer zone between. 
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To determine the presence of study species, each block was monitored with tracking tunnels 
three days prior to each sample period (camera trapping), providing rat and mouse activity 
indices.  There were three sample periods conducted; prior to the treatment, two weeks after 
the treatment and four months after the treatment (Figure 3.2).  Seven tunnels were used in the 
treatment block and seven in the control block, spaced at 50 m.  All tunnels were baited with 
peanut butter, and deployed for three nights.  The percentage of tunnels tracked for each block 
over each sampling period was calculated to provide indices of rat and mouse abundance. 
 
Thirty ‘Snap E’ rat kill traps (Pest Management Services Ltd, Christchurch), baited with 
peanut butter, and deployed at 25 m spacings on a grid, were used to reduce the rat population 
in the treatment block (no rat trapping was undertaken in the control block).  The treatment 
block was bound by sea on one side, by grassland where no rats had been found in previous 
monitoring, and by the buffer zone.  In the buffer zone, two lines of five ‘Snap E’ traps spaced 
at 20 m were deployed to reduce rat numbers, and ensure the treatment block was not quickly 
reinvaded.  All traps were checked and cleared daily for one week, then every second day for 
a further 10 days.  After this period the traps in the treatment block were left unset and the 
traps in the buffer zone were kept active for a further month.   
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Figure 3.2.  Timeline showing sequence of events and timeframes of tracking tunnel 
monitoring, camera trapping, and rat kill trapping.   
 
 3.2.2 Main study 
Seven baited Kilmore bait stations (www.pestcontrolresearch.co.nz) spaced 50 m apart, were 
deployed in the treatment block, and a further seven deployed in the control block.  A camera 
trap (Pixcontroller Digital Eye 7.2, described in detail in Chapter 1) was deployed at each bait 
station, in a position that allowed the station to be in the middle of the field-of-view of the 
camera.  Cameras were set on ‘trail mode’ which allowed an image to be taken approximately 
every three seconds when an animal was present at the station.  The number of cameras 
available dictated the sample size.  Biometrician was consulted throughout the trial and 
analysis. 
 
Baited stations and cameras were deployed for six nights on each of three sampling periods 
(Figure 3.2).  Mouse images from each camera were counted as number of activities, where 
one activity constituted one individual entering and exiting the camera view.  Each activity 
was also grouped into two-hourly time increments over a 24 hour period, and the mean 
number of mouse activities for each two hour category was found for each sample period.  A 
generalised linear model with negative binomial was used to find any significant change in 
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mouse activity in the presence (control block) and absence (treatment block) of rats.  The 
fixed effects were treatment + time + treatment.time.  The time categories were then split into 
night and day (day = 0600-1800hrs, night=1800-0600hrs) with fixed effects  
constant + treatment + night + treatment.night.  The least significant difference (LSD) at 5% 
level was calculated from this data to provide significance levels between the number of 
activities, for both night and day, in the treatment and control blocks. 
 
To obtain an indication of when rats visited bait stations, rat activity data from all 14 stations 
was gathered during the first sampling period, grouped into two-hour increments.  A mean for 
each time increment was calculated over a 24 hr period, and graphed. 
 
3.3 Results 
3.3.1 Tracking tunnels 
Prior to rat removal in the treatment block, all of the tracking tunnels were tracked by rats.  
No rat tracks were recorded in any of the tracking tunnels after the treatment.  The occurrence 
of mouse tracks increased dramatically in both the treatment and the control block after the rat 
removal treatment.  The control block had a decrease in rat activity between the two post-
treatment sampling periods (Table 3.1). 
 
Table 3.1.  Percentage of tunnels tracked by rats and mice during the three sample periods, in 
the treatment and control blocks. 
  Before 
Treatment 
Two weeks 
after treatment 
Four months 
after treatment 
Treatment 
block 
Rats 100% 0% 0% 
Mice 0% 71% 100% 
Control (non-
treatment) 
block 
Rats 57% 43% 29% 
Mice 0% 57% 100% 
  
 
3.3.2  Camera traps 
Cameras indicated that rats were only active at night.  From the camera trap images Rattus 
rattus (ship rat) was the only rat species present. Only ship rats being present was obvious 
from size of the rat and meeting the description detailed in King et al. (1996).  Rat activity 
increased throughout the night peaking at 0200-0400 hours (Figure 3.3).  Rats were present at 
all stations in the treatment block before the rat trapping.  Two weeks after the treatment, 
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three stations still indicated rat presence (at low levels) which increased to four stations 
during the third sampling period.  The control block had rats present at the same number of 
stations during the first and second sampling period which decreased to only two stations 
during the third sampling period (Table 3.2).  
 
Table 3.2.  Number of camera stations that had rat activity in the treatment and control block 
during the three sampling periods. 
 Before Treatment Two weeks after 
treatment 
Four months after 
treatment 
Treatment block 7 out of 7 stations 3 out of 7 stations 4 out of 6* stations 
Control block 5 out of 7 stations 5 out of 7 stations 2 out of 7 stations 
*One camera was faulty during this sample period so only data from six stations were available. 
 
Figure 3.3.  Mean number of rat activities (±SEM) at bait stations during the pre-treatment 
sampling, in two-hour time increments, over a 24 h period. 
 
Prior to the treatment, mice were present at only three stations throughout the trial site and at 
very low levels, therefore mouse activity before the treatment could not be statistically 
analysed.  There was a large increase in mouse activity across both blocks after the rat 
removal treatment.  During the rat trapping in the treatment block and buffer zone 12 rats 
were trapped.  
 
Two weeks after the treatment there was no significant increase in mouse activity at the bait 
stations between the treatment block and the control block (F1,4.825; P=0.067).  There was a 
substantial but not statistically significant difference in mouse activity in the treatment block. 
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Splitting the time categories into night and day revealed a significant increase in mouse 
activity at night in the treatment block (F1,7.002;P=0.027) (Figure 3.4). Once pooled, a 
significant effect between the day and night means was found (LSD) (Figure 3.5). 
 
 
Figure 3.4.  Mean mouse activity (±SEM) over a 24 hour time period in the treatment and 
control blocks, two weeks after rat-trapping.  
 
 
Figure 3.5.  Mean mouse activity (±SEM), divided into day and night time periods in the 
treatment and control blocks, two weeks after the rats were removed in the treatment block.  
* denotes the LSD’s (5%) significance between control and treatment blocks. 
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The control block monitoring at four months after the treatment showed a decline in rats.  
However the control block had rat activity at only two stations.  Four stations in the treatment 
block had rat activity (Table 3.2).  Six stations consistently had rat activity and there were 
seven stations that did not have rat activity (one station had no rat or mouse activity) 
throughout the entire block.  Therefore, the stations still provided control (stations with rats 
present) and treatment stations (stations without the presence of rats).  Consequently the 
stations were grouped into two categories; those with rats and those without rats, then the 
same statistical analyses as above were performed.   
 
At the bait stations without rats there was a significant increase in mouse activity compared 
with those stations with rats; both treatment and time were an effect (Treatment effect = 
F1,18.22;P=<0.001, Time effect (F11,10.688;P=<0.001) (Figure 3.6).  Pooling the means into two 
time categories; night and day, stations without rats had a significantly higher number of 
mouse activities than those stations with rats (Treatment effect F1,18.229;P=0.002, Night effect 
F1,41.091;P=<0.001) (Figure 3.7).  
 
 
  
Figure 3.6.  Mean mouse activity (±SEM) over 24 hours, with and without rats present, four 
months after treatment (rat-trapping). 
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Figure 3.7.  Mean mouse activity (±SEM) split into day and night activity with and without 
rats present, four months after the treatment.  * denotes the LSD (5%) significance between 
control and treatment blocks. 
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3.4 Discussion 
In this trial the null hypothesis, that presence of rats does not change mouse activity rates at 
bait stations, was rejected.  The alternative hypothesis, that the presence of rats causes a 
change in mouse activity rates at bait stations was therefore accepted.  The trial provided 
evidence that rats can cause a reduction in mouse activity at bait stations. 
 
High mouse densities may alter mouse activity at bait stations.  After the treatment there was 
a dramatic increase in the number of mouse activities at the bait stations.  However, this 
increase was consistent across both the treatment and control blocks indicating that the mouse 
increase was likely to be due to factors other than the treatment effect.  Surrounding the trial 
site were large areas of thick exotic grass with high mouse densities (Chapter 5).  Monitoring 
after the treatment was conducted in March when food resources were becoming scarce and 
mouse populations high.  The presence of bait in the trial site may have caused mice to move 
from the nearby grass habitat into the trial area.  Ylönen et al. (2002) found that in situations 
of high mouse densities with lowered food resources, mice would take higher risks to obtain 
food.  Mice were still visiting bait stations where rats had been recently active.  Mice were 
seen entering the bait station within a minute of a rat leaving.  Therefore, mice were likely to 
have been close by and were possibly taking higher risks to obtain food.  Previous evidence 
has found that ship rats are nocturnal (Innes 1977; King 2005). At night when rats were active 
there was a significantly lower number of mouse activities, suggesting that although mice will 
visit the stations, rats were influencing that activity. 
 
Rat density could influence mouse activity at bait stations.  It is not known how many rats 
may cause a change in mouse activity.  If there was high rat density there would be high rat 
activity at bait stations.  High rat activity would be high risk for mice and most likely reduce 
or modify mouse activity.  For mice there would be a trade-off between hunger caused by 
limited food resources and risk of exclusionary or predation behaviour from rats.  The last 
sample period had a low population of rats throughout the trial site.  The stations with rat 
activity had significantly lower mouse activity, suggesting that even low rat densities were 
influencing mouse activity at bait stations.  Population dynamics of rats and mice and how 
that influences bait station activity, is not well understood and more studies for future 
management of these pest species are required. 
 
Mice are sample feeders. From a pest control perspective sample feeding is a problem because 
mice may not consume a lethal dose causing a failure in the control operation.  There have 
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been many mouse control operations that have not been successful and it is thought mouse 
feeding strategies may be one of the reasons (MacKay et al. 2007; O’Connell & Booth 2007).  
The results from this trial suggest that in the presence of rats, mouse activity at bait stations 
was significantly reduced and this is likely to complicate control operations where these two 
species are the target.  As discussed in Chapter 2, mice spent very little time at bait stations; 
only giving one or two images per activity.  If the threat of rats was lowering mouse activity 
at stations it would also be likely to lower the amount of time mice spent at the station.  
However, images showed most mice carrying bait away from the station; therefore they may 
still consume enough for a lethal dose in a control operation.  Research into the amount of 
time mice spent at a station and how much bait mice consume per visit in a field environment 
would strengthen the results seen in this trial.  As discussed in chapter 2, the camera 
technology was unable to provide accurate time data to analyse the change to the time spent at 
the bait stations for mice. 
 
Habitat preference may play a role in the change of activity seen at the stations during the 
third sampling period.  The third sampling period revealed that there could have been rat 
movement between the treatment and control blocks.  Stations without rats had significantly 
higher mouse activity.  Habitat preference cannot be discounted as a reason for these results.  
There is evidence that mice and rats prefer different habitats and don’t often occur naturally 
together (Hancock 2008; King 2005).  It is thought that mice prefer dense groundcover and 
rats prefer dense canopy cover (King 2005; King et al. 1996; Hooker & Innes 1995).  New 
Zealand may provide a unique environment where these two types of habitat co-exist in the 
same forest.  The habitat used for this trial was similar in the two blocks; however there were 
patches of microhabitat that contained dense groundcover and canopy cover.  If stations were 
placed in or near microhabitat of dense groundcover it may have naturally resulted in higher 
mouse activity.  Alternatively, patches of dense canopy cover close to stations may have 
higher rat activity and was not favoured by mice.   
 
Some mouse activity may have been missed due to inadequacy of the camera traps.  
Approximately 10% of the total images contained no animals.  It was possible that mice had 
triggered the cameras but departed too quickly for the camera to take an image.  Initial pilot 
trials found that mice were able to trigger the cameras from up to three metres away from the 
camera, therefore the bait station distance from the camera was always within three metres to 
ensure mice triggered the cameras.  The camera traps are triggered by movement of a warm 
object, but not by falling branches, moving vegetation, or invertebrates.  However, when the 
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camera control board battery voltage becomes low it can cause a random triggering of the 
camera to take an image.  This random triggering is usually avoidable, but should be taken 
into consideration when using this camera type.  Having a battery voltage level indicator 
would be useful to help eliminate this problem.  Despite the possibility that some images may 
have been inadvertently taken when no animals were present, the inadvertent images wouldn’t 
change the outcomes of this study.  The presence of rats and mice in images is conclusive 
evidence of the activity of each of these pest species. 
 
The Pixcontroller camera traps used in this trial had a 3 second start-up time, i.e. from the 
time the sensor was triggered by an animal until the camera took an image.  Without bait as a 
lure, and a means to ensure animals spend time at the stations, this time delay may be too long 
to detect some species as they could easily move in and out of the camera field-of-view in less 
than four seconds.  The start-up delay needs to be considered for the type of research that is 
being planned.  It is expected that technology improvement will reduce the delay time in the 
near future.  It was also noted that although the camera ‘trail mode’ constantly took images 
while the animal was at the station; the time between any two images was variable for 
different individual cameras, even though they were all the same brand and at the same 
sensitivity level.  The interval between images varied widely, between 3-15 seconds for any 
species.  Increasing the sensitivity on the camera traps may improve this problem, however 
the wide variation of time was also noted in other trials involving possums, a much larger 
animal (Chapter 2 and 5).  Previous trials found possums spend an average of ten minutes at a 
bait station therefore this variation would not hinder time trials involving possums (Chapter 
2).  However for smaller species such as rodents that spend less time at bait stations, this 
inconsistency could provide varying results.   
 
In summary, the trial in this chapter has shown that the presence of rats can reduce mouse 
activity at bait stations.  The presence of rats could potentially cause failure of multi-species 
control operations in which these two species are the target.  The potential failure of multi-
species operations caused by interspecies interaction is an important new finding that will 
need to be taken into consideration in control operations that are purposefully targeting 
multiple pest species with a single control tool (such as a multi-species bait).  Solutions will 
need to be developed to overcome such inter-species reduction of pest control efficacy.  For 
the case at hand, where rats reduce the mouse access to bait, the solution could simply be to 
ensure that bait is made available in stations for a longer period of time that would be typical 
of single-species control operations.  Longer availability of bait would mean that mice can 
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gain access to the bait after the rats have succumbed.  Such knowledge of inter-species 
interactions, how they might influence bait efficacy, and solutions to overcome any potential 
efficacy loss, are new areas of pest management that will need to be considered in any 
activities aimed at targeting multiple pest species simultaneously.   
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Chapter 4 
Identification of individual possums from camera trap images 
 
4.1 Introduction  
As stated in Chapter 1, there is a need to provide accurate population estimates for monitoring 
changes in populations.  Non-invasive monitoring can cause an overestimation in the 
population.  For example, tracking tunnels are used for rodent monitoring before and after 
control operations, however without identfying individuals is just an activity index of the 
target species.  One tracking tunnel that is completely covered with rat tracks may indicate a 
high density of rodents or it may mean only one rodent has been using the tracking tunnel 
multiple times.  By identifying individuals, population estimates such as mark-recapture can 
be used to provide more accurate monitoring of the target species, thereby providing a more 
accurate indication of the population and the changes caused by control operations and other 
environmental manipulations. 
 
Camera traps provide non-invasive monitoring with the potential for identification of 
individuals.  As discussed in Chapter 1, camera traps are able to capture an animal through 
images as the animal passes in front of the camera.  Individual animals are then identified 
visually from the images.  Camera trap monitoring can be used as a basis for the capture-
recapture sampling method, to provide population estimates (Long et al. 2008).  Camera trap 
monitoring has had restricted use because animals must have markers that can be visually 
identified in subsequent monitoring.  For example, camera traps have been used to monitor 
tiger populations which have unique coat markers that can be clearly identified in camera trap 
images (Carbone et al. 2001; Jackson et al. 2006; Trolle & Kẽry 2003).  Although recent 
studies show that it may be possible to estimate populations without the need for identifying 
individuals, research is still required to validate these theories (Rowcliffe & Carbone 2008; 
Royle et al. 2008).  Monitoring populations with camera traps has proved very successful and 
in the tropics standard monitoring protocols are in place utilising camera traps for numerous 
distinctly-marked animals (Sanderson 2004).  
 
High resolution technology in camera traps may allow us to identify animals that are more 
subtly marked, such as the possum.  Possums are thought to have low variation in colour 
making them difficult to identify visually; although closer inspection of the possum face 
reveals shading and scars that may offer markers for identification.  Magnification of the face 
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may be required to see these markers.  Clear magnification is possible with high resolution 
images.  High resolution images are usually colour; meaning that a white flash would be 
required for monitoring animals at night.  There has been some concern that using a white 
flash for nocturnal species may be an invasive method, i.e. the white flash presumably visible 
to the animal, impacts on the animals behaviour and movement (Schipper 2007).  In Chapter 
2, the influence of white flash cameras on possum activities at bait stations was investigated 
and found that there was no negative impact of the white flash on possum behaviour or 
movement.  Therefore, white flash cameras were utilised here for the acquisition of high 
resolution images for possum identification. 
 
The objective of this chapter was to determine whether individual possums could be identified 
from camera trap images.  A subsequent objective was to determine whether individual 
identification could be used to allow mark-recapture estimation of the number of possums in a 
population.  There is no current research in distinguishing individuals of any New Zealand 
pest species by visual methods and this chapter may be seen as the first step in using camera 
trap data to identify possum individuals for future population studies of possums and other 
species in New Zealand.   
 
 4.1.1 Visual identification methods for subtly-marked species 
Initially, international publications were reviewed that had identified animals from camera 
trap images.  GoogleScholar was searched for publications involving the individual 
identification of an animal.  As expected, the search resulted in most publications associated 
with large cat species that could be visually identified by clearly-defined coat markers.  
Publications included the individual identification of tigers (Panthera tigris), snow leopards 
(Uncia uncia), ocelots (Leopardus pardalis), jaguars (Panthera onca), and bobcats (Lynx 
rufus) (Karanth & Nicholls 1998; Jackson et al. 2006; Trolle & Kery 2003; Silver et al. 2004; 
Heilbrun et al. 2003).  The two most notable pieces of literature identifying animals with 
more subtle markers were Caiafa et al. (2005) on elephant seal (Mirounga leonina) 
identification and Kelly et al. (2008) on puma (Puma concolor) identification.   
 
Elephant seal identification used a method developed for human face recognition called 
eigenface (Turk & Pentland 1991).  Simply, the eigenface method breaks the face of an 
individual into values rather than visual characteristics and statistically analyses the variation 
in the values between individuals to provide an identification.  The major limitation with the 
eigenface method is that it is highly sensitive to image variation and there are several 
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parameters that must be fulfilled for the eigenface method to be applied.  The images must 
have a full frontal face view, the same lighting in each image, the same scale for each image 
(distance of the animal from the camera), and the same facial pose and expression (Turk & 
Pentland 1991).  The parameters are very restrictive and unlikely to be present in most field 
situations, especially for nocturnal wild animals such as possums.   
 
The eigenface method is particularly sensitive to light variation.  Caiafa et al. (2005) 
identified the light issue and took steps to eliminate it.  The variation was eliminated in the 
images by equalising the pixel number and histogram data of each image.  The method used 
by Caiafa et al. (2005) to eliminate light variation was difficult to understand.  An 
experienced digital photographer examining the process conducted to eliminate light variation 
believed that the method used would not have eliminated the light problem  because the light 
falling on the animal will vary according to the angle in which the animal’s image is captured 
(M.Sam, pers comm).  Therefore, any probable cause for lighting variation, for example 
shading, will have a significant and permanent effect when equalising the histogram data.  
Caiafa et al. (2005) did have 100% accuracy in identifying 56 elephant seal individuals which 
suggests that the eigenface method has possibilities and a researcher with experience and 
knowledge of digital technology and eigenface application may be able to use the method for 
future possum identification.   
 
Kelly et al. (2008) used a combination of coat markers to identify individual puma from 
camera trap images.  The method utilised the visual effort of observers to identify markers on 
the puma.  Three observers were given a set of puma images and were asked to identify 
individuals and sort them into three categories: positively identify the individual, a tentative 
identification and not possible to tell.  The number in which the three observers agreed and 
disagreed about different individuals gave an overall competence in identification of 
individual puma.  The method was basic and simple; relying on observer’s attention-to-detail 
and effort.  Because the method was reliant on observers it has the potential to cause high 
observer variation giving inconclusive results.  However, there was a nearly 80% agreement 
level of individual puma and the disagreement level was less than 10%.  Another study 
involving the identification of white-tailed deer by antler shape and pattern used the observer 
method and found similar results as the puma identification (Jacobson et al. 1997).  It was 
thought that if the observer method was able to achieve high agreement between observers, it 
will allow the identification method to be tested for its value as an adequate identification 
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method.  Therefore, an observer method similar to that described in Kelly et al. (2008) was 
used to investigate the potential to identify individual possums. 
 
 4.1.2 Possum identification method 
Upon searching through numerous possum images several markers on the possum were 
discovered that could be used to identify individuals.  These were coat colour, cuts on the 
ears, facial scars and dark-shaded patterns on the face. 
 
Because of the high visual similarity between each possum a combination of all these markers 
would be needed for an accurate identification of an individual.  The method developed for 
possum identification was a step-by-step process, moving through the different markers until 
a unique set of traits could be derived for an individual.  The identification method was 
broken into primary, secondary and tertiary possum markers (Figure 4.1).  
 
Primary markers were those which were easy to decipher and could broadly group images to 
reduce the handling and search effort required by the observer.  Possum coat colour was used 
as a primary marker as it could easily eliminate many possums from the pool of potential 
individuals.  The possum coat is broken into two basic colours; grey and black (King 2005) 
although the coats observed in this study were more accurately described as grey and black-
red (Figure 4.1).  
 
Secondary markers were those which observers, upon magnifying the image, could view 
unique body markers.  Possum images from previous camera trials (Chapter 2 & 3) indicated 
that the majority of adult possums had obvious cuts on ears and scars on their face; 
presumably from fighting.  The high resolution images allow clear magnification of the face 
to view these markers (Figure 4.1).  Secondary markers would be the most decisive 
identification step for the observer. 
 
Tertiary markers were those of general body shape, size, and face patterns (Figure 4.1).  The 
tertiary markers are open to observer interpretation as the light variation caused by body 
angles of the possum can alter the visual characteristics of the coat.  Comparison with other 
already identified possums becomes an important part of the observer process at the tertiary 
level.  
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Figure 4.1.  Primary, secondary and tertiary markers for identifying individual possums.  
Examples of markers within each level are shown; red circles identify the unique marker. 
 
4.2 Methods 
White-flash camera images were used from the possum trial conducted in Chapter 2 for the 
possum identification (ID) test.  Due to the number of images available (6868 possum 
images) four white flash camera stations were randomly selected for the possum ID test.  
Images from the first night from each camera were arranged into separate events, where an 
event was the entry and exit of one individual, in and out of a camera field-of-view.  A 
maximum of five images were used for each event due to the large number of images 
associated within an event.  The first five images of the event that offered a full body or face 
profile (both frontal and side views) were used.  There were a total of 12 events for the 
observer to view.  In effect the test was a smaller subset of data likely to be received from the 
field using bait stations to lure possums into the camera trap area.  Incorporated into the 12 
events were duplicate possums as well as separate individuals.  The duplication of possums 
was important to assess whether observers could identify a possum in subsequent events.  
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Observers were given the 12 events and an instruction sheet explaining what was required 
(Appendix 2).  Examples of the type of markers observers needed to focus on were also 
provided (Figure 4.1).  A data sheet was given to each observer who had to either positively 
identify, tentatively identify or fail to identify the individual (Appendix 3).  Observers 
selected ‘positively identify’ if they felt sure they could accurately identify the possum as a 
unique individual.  Observers selected ‘tentatively identify’ if they felt they could positively 
identify the individual but could not be sure because of image quality or inadequate body 
profiles.  If the observers felt they could not identify the individual at all they chose ‘fail to 
identify’. Observers were also asked to record the markers that made the identification 
possible. 
 
Observers that recorded tentative or fail were questioned on the problems they had with the 
particular event.  For each event, the number of observers that selected a positive or tentative 
identification was divided by the total number of observers.  A mean percentage of 
identification was then calculated from the 12 events.  Adequate identification was considered 
to be where the observer could positively or tentatively identify an individual.  The use of 
both positive and tentative identifications as an adequate identification was used in Kelly et 
al. (2008).  Also calculated were the proportion of events that were given positive or tentative 
identification out of the total events, where all observers gave a positive identification and 
where all observers gave no identification possible.    
 
The identification method was then used by one observer to identify all the possums at the 
white-flash bait stations during the trials conducted in chapter two (through all six nights). 
Markers identifying each individual were noted as well as any difficulties with identification.  
Using the identification method, a population estimate was calculated using the capture-
recapture sampling method (Caughley & Sinclair 1994).  The first sample (capture sample) 
was night one of the trials conducted in chapter two.  Night five was used as the second 
sample (recapture sample).  All individuals from both samples were recorded.  The capture-
recapture formula (with bias correction) was then applied to calculate the population estimate: 
 
Y = (M (n+1))/(m+1)     (1) 
 
where Y is the total population, M is the total number of the first sample (capture sample), n is 
the total number from the second sample (recapture), and m is the number of identified 
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individuals recaptured in the second sample.  The standard error was then calculated using the 
formula: 
 
SE(Y) = √(M2(n+1)(n-m))/((m+1)2(m+2))  (2) (Caughley & Sinclair 1994) 
 
4.3 Results 
There was variation between the five observers mostly due to their differences in attention to 
detail, and their time spent comparing the possum images within events and with other events.  
Although the sample size was not big enough for robust statistical analysis, it was noted that 
those observers that spent the longest time identifying individuals from each event had more 
positive identifications than those that made fast decisions and did not compare images.  It 
was also noted that those observers with previous experience with possums (either trapping or 
shooting) provided more positive identifications than those with minimal experience.   
 
Despite observer variation, on average 93% of observers agreed they could positively or 
tentatively identify each individual possum.  For nine out of the 12 events (75%) all the 
observers agreed they could positively or tentatively identify several different individuals.  
Five out of the 12 events (46%) could be positively identified by all five observers. There 
were no events where all of the observers failed to identify the individual (Figure 4.2).  The 
observers felt confident that with more images (or better quality images) they would be able 
to make a positive identification of at least 10 out of the 12 events they were given.  There 
were two events where more than two observers felt even with more images they would not 
be able to identify the individuals.  The two individuals that observers had the most difficulty 
in indentifying were very uniform in colour with no cuts or scars on their face or ears.   
 
Observers found two duplications of individuals (two events were Possum 1 and two events 
were Possum 13) out of the 12 events.  Both duplicated events were recognised by all 
observers as previously identified individuals as both had unique cuts to their ear (Possum 1 
and Possum 13 – Table 4.1).  
 49 
 
Figure 4.2. Agreement of possum identification (including tentative agreements), the absolute 
percentage of positive and tentative agreement and the percentage of 5-way agreements, for 
the 12 events of the possum ID test.  
 
There were 155 possum events recorded from the white flash cameras throughout the possum 
trial (Chapter 2).  There were a total of 15 possums; six grey and nine black-red possums 
identified (Table 4.1).  There were some problems with the identifications.  Eight possum 
events out of the 155 events could not be used to identify possums due to inadequate body 
profiles.  One grey possum was identified by hair loss due to a back-rider (young being 
carried on her back) (Possum 2 – Table 4.1).  The hair loss was only temporary and 
subsequent monitoring may identify the possum as the same individual.  Possum 2 had no 
other distinguishing markers.  One black-red possum had clean face and ears and was only 
identified by a process of elimination (comparing the possum in question with other already 
identified possums) (Possum 14 – Table 4.1).  Lack of distinguishing markers was a concern 
for the possum identification method. An attempt was made to identify possums from the 
infrared images but it was extremely difficult due to lack of colour and a highly pixelated 
image upon magnification.   
 
There were 12 individuals (M) identified on the night one sample (capture sample).  Thirteen 
individuals (n) were identified on night five (recapture sample) with eleven of those 
individuals (n) previously identified in the capture sample.  Calculating the population 
estimate with the capture-recapture formula (1) with the standard error (2) gave a population 
estimate of 14±1.47 possums.   
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Table 4.1.  Possums identified from the palatability trial conducted in Chapter 2.  Primary, 
secondary and tertiary identifying features of each possum are noted. 
Possum Number Primary – Colour form Secondary – ears/facial 
cuts and scratches 
Tertiary – body 
shape/colour features, 
comparison 
1 Grey Left ear has cut outer 
lower edge.  Long thin 
piece of ear set apart from 
main ear. 
Light belly shading 
2 Grey No distinguishing 
features 
Hair loss lower half of 
body from back-rider 
3 Grey White square-shaped scar 
mid-way between eyes 
and nose tip 
Similar in shade to #2 
4 Grey Scratch across front of 
nose 
No obvious colour  
differences 
5 Grey No distinguishing 
features 
Has very little hair on 
tail, compared with #4 
which had bushy black 
tail 
6 Grey Cut in left ear, halfway 
down the outside edge 
Coat has more black in 
than #4 & #5 
7 Red-black White thin scar on left ear 
halfway down ear on 
outside edge 
Very red, very little black 
shading 
8 Red- Black Sharp V-shaped nick on 
top of left ear.  White scar 
on nose just above start of 
the hairline above the 
nose 
Very red similar to #7 but 
has more black round 
face. 
9 Red-Black Top of left ear is U-
shaped  
Face is wider and ears 
larger than #7 and #8.  
Was with a young 
possum, black body 
10 Red-Black No cuts/scars on ears 
clean, scar just under left 
eye 
Coat was a deeper red 
with more black than #7 
and #8 
11 Red-Black One large new-looking 
scar (still red) under the 
left eye, with four smaller 
older scars on nose 
Coat similar to #10 
12 Red-Black Tops of ears seemed to 
have scratches on the 
inside of ear 
Very dark coat, mostly 
black with bronze chest 
area 
13 Red-Black Large ripped ear on left 
(almost half the ear), 
Light coloured  
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Right ear also had two 
major cuts 
14 Red-Black No distinguishing 
features 
Coat similar to #12 but 
light brown on chest area 
and lighter black coat. 
15 Red-Black Left ear cut on inside 
edge, ¾ way down side.  
Small scattered scars over 
the nose 
Coat similar to #9 
 
4.4   Discussion 
Overall, possums could be individually identified from camera trap images.  There was 
expected to be a high observer variation if the identification method was not adequate, but this 
was found not to be the case.  There was a 75% agreement level from five observers that they 
could positively or tentatively identify a possum from camera trap images.  However, only 
46% of the possums were positively identified by all five observers indicating that the level of 
observer doubt was quite high (29% of the events were a tentative identification).   
 
Positive identifications could not be confirmed because the images were from field data and 
the total population was not known.  However due to the unique secondary markers on the 
possums it is highly likely that the positive identifications were individual possums.  Twelve 
out of the 15 possums identified had unique secondary markers (Table 4.1).  It was observed 
that generally possums approached the bait station from the same direction in subsequent 
events and therefore made it possible to view side profile markers for subsequent 
identification.  Secondary markers were not the only markers identified and the combination 
of other markers (primary and tertiary) would have lessened any identification error.  Testing 
the identification method with a large known population size would strengthen the results 
found in this chapter. 
 
There were several problems identified in the possum ID test that could be addressed to 
improve possum identification from camera trap images.  These were: research into the 
permanence of colour shading patterns and scarring on the possum, positioning of the camera 
trap to ensure profiles and subsequent profiles were similar and investigation into computer 
software to advance and quicken the identification process. 
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Little is known of the colour changes in the possum coat over time.  In marsupials there are 
known examples of coat colour changes; the stomach on the yellow-bellied glider (Petaurus 
australis) changes colour from white to yellow as it ages (Goldingay et al. 2001).  Possums 
continuously shed their coat, although they have one major shedding period per year (King 
2005).  Currently there has been no research to investigate if shedding alters the coats shading 
characteristics, which may hinder the identification process.  Possum coat colour was an 
important step in the identification process and it would be beneficial to understand potential 
for colour changes that may be caused by shedding and maturation of possum individuals.  If 
possum identification was required for short term studies, such as over a control operation, 
camera trap monitoring over a major shedding period would hinder the identification process 
and should be avoided where possible. 
 
There were possums identified that, as a group, lacked variation. Without any secondary 
markers present these possums could only be identified by tertiary markers.  Because of light 
variation and body position problems, the sole use of tertiary markers may provide incorrect 
identifications.  The number of possums identified from the trial in Chapter 2 was small.  
Possums within a large population may have low variation of markers similar to possum two 
and 14 (Table 4.1) making identification difficult.  Therefore, further trials to indentify a 
larger possum population are necessary to identify the extent of the low variation in visual 
markers. 
 
All the observers indicated the major limitation of identifying an individual was the possum’s 
body position in the image.  Although in most cases possums approached the bait station from 
the same side there was still a high chance that in subsequent events the same side may not be 
available; therefore the possum could be identified as a separate individual if a unique marker 
is only present on one side.  In addition, even a slightly different angle of the possum’s body 
to the camera can provide a different observer interpretation of the structure and colour 
patterns of the individual (Figure 4.3). 
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a)  b) 
 
c) d) 
Figure 4.3.  Images showing the difficulty of identifying individual possums due to different 
vantage angles. Possum a) has a longer thinner muzzle than possum b).  The two images were 
identified from secondary markers as separate individuals.  Possum c) has a large pale area 
under the chin with blacker shading around the eyes.  Possum d) has lighter shading around 
the eyes, more black under the chin with a black mark above the pale chin area that is absent 
from possum c).  However, both possum c) and d) are the same individual (both images were 
within one event).  
 
The solution to inadequate body profiles is camera trap placement or better lure placement.  
Other published literature has used two cameras facing each other to ensure both sides of the 
individual were obtained (Kelly et al. 2008; Jacobson et al. 1997).  Camera placement such as 
in Figure 4.4 would ensure adequate possum profiles for identification.  Unfortunately using 
two cameras at one location may not be a practical use of the camera resources available to 
the researcher.  As discussed in Chapter 2, possums are attracted to visual lures such as 
fluorescent tags attached to bait interference devices (Ogilvie & Sakata 2006).  A possible 
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method would be to use several inexpensive lures with a small attractant (such as flour/icing 
sugar mix) placed at specific points in front of the camera (Figure 4.5).  The lure placement 
may provide suitable body profiles using only one camera.  The advantage of using a lure 
compared with bait stations (which is what has been used during trials conducted in this PhD) 
is that possums will explore one lure, and then move to the next.  The tactical placement of 
different lures would therefore allow the capture of different profiles within an event.  A 
problem with bait stations is that the possum finds the bait and remains fairly stationary, 
thereby limiting the number of profiles obtained during an event.   
 
Figure 4.4.  Example of camera trap positioning to ensure adequate possum profiles are 
obtained for possum identification. 
 
A disadvantage of the camera used for this thesis (Pixcontroller Digital Eye 7.2) is they have a 
narrow trigger zone close to the camera.  It was necessary for the possum to stay within three 
metres of the camera to provide an image that could have been magnified enough to view any 
unique markers required for identification.  At three metres distance, the Digital Eye 7.2 only 
gave a 0.65 m width in which the sensor will detect an animal and trigger the camera to take 
an image (Figure 4.5).  A wider detection zone close to the camera trap would be 
advantageous if the lure method was used.  
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Figure 4.5.  A possible method of camera trap-lure placement to ensure adequate possum 
profiles are obtained.  Spacings of the lures are suitable for the Digital Eye 7.2 camera trap. 
 
Light causing colour shading differences can alter visual coat characteristics.  The light 
problem was identified by observers in the possum ID test.  While having numerous images 
within an event can be advantageous in obtaining a useful profile; numerous images can also 
produce observer doubt because of the different variations of coat colour caused by light 
falling on the same body part at differing angles (Figure 4.3).  A method which may provide 
accurate results for possum identification is that developed for grey seal (Halichoerus grypus) 
and cheetah (Acinonyx jubatus) (Karlsson et al. 2005; Kelly 2001).  The method aligns an 
image with a computerised three-dimensional (3-D) model of a specific body part.  The 3-D 
modelling allows the images to be processed regardless of the body’s angle to the camera.  
Recent research with tigers has used the method to produce a 3-D model and calculates the 
width of tiger stripes for identification (Hiby et al. 2009).  Thus far, the 3-D method has only 
been used for animals that have clear unique markers but it has potential to be used for other 
animals such as the possum.  The possum face is likely to provide adequate markers required 
for the 3-D method. 
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Visually identifying possums was a lengthy and repetitive task.  Observers took 15-45 
minutes to complete the test.  The more observers that had possum experience took the least 
time.  The trial conducted within this chapter was only a small sample of possums, therefore 
the procedure has the potential to become a time-consuming process for a larger possum 
group.  A computerised system and database programme that could speed up the identification 
process would be advantageous.  There was only a small population of possums present in the 
trial from Chapter 2.  However, it still took two full days to group events, work through the 
images available for each event and compare events to identify individuals.  The amount of 
time it would take to identify all individuals in a large possum population is unlikely to be 
beneficial to researchers.  One study looking at identification of African penguins (Spheniscus 
demersus) developed a fully automated computerised system that takes images directly from 
the camera and sifts through a database to identify adult individuals from black spots on the 
chest of penguins (Burghardt et al. 2004).  While this penguin identification method was very 
advanced, a simplified version has the potential to work well for possum identification, and 
with other species in New Zealand.   
 
Determining possum population densities from camera traps using the capture-recapture 
method is a novel idea.  Results indicate that a high proportion (12 and 13 possums out of a 
estimated total population of 14) was visiting the bait stations in any one night.  The high 
proportion has important management consequences for possum bait station control 
operations as the high possum captures indicate that most possums in the population will visit 
a bait station and therefore theoretically in a control operation will be poisoned.  A control 
operation was conducted at this site and high reduction rates were achieved (Chapter 6). 
 
There are assumptions that need to be met for the capture-recapture method to be a robust and 
practical population estimate.  The main assumptions for using the mark-recapture method are 
a closed population and every animal in the population having an equal opportunity of being 
captured.  Possum numbers can increase over time when provided with an attractant, such as 
bait (Warburton et al. 2009).  Increase in possum numbers has been seen during pre-feeding 
of a control operation, as possums from outside the area are attracted by the available food 
source (Chapter 6).  The immigration of possums would violate the assumption of a closed 
population.  There was no significant change in the number events over time during this trial 
(Chapter 2), indicating the possum population was not likely to have changed over the five 
day capture-recapture period.   
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Most population estimates violate the assumption that all individuals have an equal capture 
opportunity (Caughley & Sinclair 1994).  Using an attractant such as bait in the capture area 
can lead to animals returning for subsequent visits.  Unlike traps, where once a trap has been 
sprung it becomes useless for any visiting animals (thereby violating the assumption of equal 
opportunity), camera trapping continuously captures images throughout the sample period.  
The assumption of equal opportunity may not be met if there are camera-shy possums 
although the results from Chapter 2 indicated that white-flash cameras were not impacting on 
possum behaviour or movement over time.  Therefore, identifying individuals from camera 
trap images is likely to be a practical and valuable tool for estimating possum population 
sizes.   
 
The identification method developed in this chapter has the potential to be used for other pest 
and native species; providing the animal is not camera-shy.  Rats and mice seemed to have 
very uniform features and shading.  It was thought that rings present on a tails of rodents may 
be used for individual identification (S. Ogilvie, pers comm).  From the images collected of 
rodents during this PhD, the magnification was not high enough to provide the tail detail 
required.  A higher megapixel camera trap placed in close proximity (within one metre) to the 
rodent may allow for tail ring detailing to be seen. 
 
The objective of this chapter was to determine if possums could be identified using camera 
trap images.  A combination of different markers on possums was found to be unique enough 
to identify individuals in a small population.  However there were several problems, 
particularly with camera placement, that may limit individual possum identification.  If the 
possum identification process was continued the first step would be to trial different camera 
positions to produce consistent and useful body profiles for identification.  A larger 
population of possums should be trialled to examine further the potential for possum 
identification, and a computerised programme should be developed to reduce the workload of 
identifying individuals.  The results show that camera traps can be used to identify individual 
possums and re-identification of individuals was also possible allowing mark-recapture 
analysis of population size. 
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Chapter 5 
Development of a multi-species bait with cholecalciferol (0.4%) 
for the simultaneous control of possums (Trichosurus vulpecula), 
rats (Rattus rattus) and mice (Mus musculus) 
 
5.1 Introduction 
Introduced mammals such as possums and rats have a significant negative impact on New 
Zealand’s indigenous flora and fauna, mainly through predation and competition (King 2005; 
Brockie 1992; Brown 1997; Brown et al. 1993).  Conventional methods to reduce and 
eradicate these pest species have included the use of toxins, such as Compound 1080 (sodium 
monofluoroacetate), and are usually aimed at a single species.  Single-species control will 
reduce the primary species but this can allow the meso-predator or meso-competitor ‘release’ 
of secondary pest species.  Meso-predator release causes a dramatic increase in secondary 
pest species making the pest control counter-productive (Tompkins & Veltman 2006; Murphy 
& Bradfield 1992; Courchamp et al. 1999).  For example, Sweetapple and Nugent (2007) 
showed that following possum control there was a dramatic increase in rat abundance.  These 
conventional toxins, particularly Compound 1080, are also coming under increased pressure 
from public groups because of the perception of undesirable impacts on the environment and 
on non-target species.  There is, therefore, a potential need for new control systems that target 
multiple species in one operation (Eason et al. 2008; Nugent et al. 2007).   
 
Targeting multiple species is likely to be favourable in obtaining the highest conservation 
benefits (Eason et al. 2008).  Not only would it provide increased benefits for native species; 
it will lower the amount of toxins being added to the environment by reducing all target 
species simultaneously rather than with two or three single control operations targeting 
specific species.  Along with this, it is likely to be more cost effective to control for multiple 
species in one control operation than with two or three different control operations at the same 
site.  For multi-species pest control to be considered acceptable by the public and beneficial to 
end-users, the multi-species system must have four main attributes: it must be low cost, have 
high effectiveness for all target species, have minimal impact on the environment, and have 
minimal impact on non-target species.   
 
 59 
Multi-species management is not a new concept, managing the ecosystem rather than an 
individual species is known practice in New Zealand conservation strategies (Saunders & 
Norton 2001).  However, developing one bait to purposefully target multiple pest species is 
new.  Connovation Ltd and PestTech Ltd has recently developed a multi-species cereal pellet 
bait which could enable the simultaneous control of possums, rats and mice with potential to 
be used in aerial control applications.  Several baits are known to cause secondary poisoning 
of other pest species. Stoats, for example, can decline in numbers when they feed on poisoned 
carcasses (Murphy et al. 1999; Gillies & Pierce 1999).  However a newly developed multi-
species bait that is specifically designed to target multiple species, is both an international and 
national advancement.  In this study the potential of the multi-species bait is investigated.  
 
The first stage in developing multi-species bait is to produce a non-toxic bait matrix that has 
high palatability to all target species.  In the wild, species have access to familiar foods and 
factors, such as climate, competition and predation can alter feeding preferences.  
Consequently field trials often yield different results to cage trials (Hopkins 2008) and field 
trials, throughout all stages of bait development, are an important research component.  Cage 
trials play an important role in a pilot study/screening sense and are a requirement for 
registration of a new bait type; nevertheless it is important to conduct complementary field 
trials as soon as possible.  Field non-toxic palatability trials are difficult because it is difficult 
to determine which species are taking bait.  Camera traps can provide a solution to this 
problem.  Camera traps are relatively inexpensive, small and lightweight.  Cameras provide a 
non-invasive monitoring device that is able to ‘trap’ an animal by taking a photographic 
image of it.  By placing bait stations within the field of view of the camera, we can determine 
what visits the stations, both in terms of pest species and non-target species.   Non-target 
information is considered a key attribute in the development of new baits and therefore field 
trials require non-target impact information. 
 
The second stage in developing multi-species bait is to incorporate a toxicant into the multi-
species bait, and trial it in a control operation. The toxicant needs to be suitable for the target 
species.  Although Compound 1080 has excellent results for possum control, as a multi-
species toxin it has not been particularly successful for the control of mice (Alterio 2000; 
Miller & Miller 1995; Moughtin 2000; Fisher & Airey 2009).  Rodent control commonly uses 
rodenticides, such as brodifacoum, which has excellent results (Clapperton 2006; O’Connor 
& Booth 2001; McFadden & Greene 1994).  However, brodifacoum has considerable 
persistence issues in the environment and its use has consequently become restricted in New 
 60 
Zealand (Eason et al. 1999, Eason et al. 2001).  So there is a need for toxicants that are 
suitable for all three target species that could potentially be used as alternatives to 1080 and 
brodifacoum for aerial application. 
 
Cholecalciferol has been identified as a candidate toxin for multi-species pest control (Eason 
et al. 2008).  Internationally, Cholecalciferol (Vitamin D3) has been used as a rodenticide 
since the 1980’s (Marshall 1984; Tobin et al. 1993).  In the USA it is registered as Quintox® 
(0.075% cholecalciferol) and in Europe it has been added to bait to overcome anticoagulant 
resistance in rodents (Pospischil & Schnorbach 1994).  In New Zealand, a paste containing 
0.8% cholecalciferol (Feracol®) is registered for the control of possums and, more recently, 
for rat control (Eason et al. 2010).  Cholecalciferol has minimal impacts on both the 
environment and non-target species making it appealing as a multi-species toxin (Booth et al. 
2004).  However, cholecalciferol is expensive compared to toxins such as compound 1080 
and methods for reducing this cost are required for it to be considered by end-users.  One way 
to reduce the cost is to lower the cholecalciferol concentration in the bait.  While rat control 
has been successful with 0.075% cholecalciferol, this concentration is too low for possums.  
Halving the cholecalciferol concentration to 0.4% could, however, be effective for possums 
and rodents, while also halving the cost of the bait.  I trialled the 0.4% concentration to assess 
bait efficacy for the control of possums, rats and mice. 
 
The objectives for this study were: 
1. To determine the relative palatability (against an existing bait) of a new, non-toxic, 
multi-species pellet bait for possums, rats and mice, in both cage and field 
environments. 
2. To determine the effectiveness of 0.4% cholecalciferol as a multi-species toxin for the 
control of possums, rats, and mice in both cage and field trials. 
3. To monitor native bird populations during toxic control operations to provide 
information on gross changes in bird populations caused by the toxin. 
4. To discuss the utility of camera traps in bait development research, and additional 
information they may provide in field trials. 
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5.2 Methods 
The Lincoln University Animal Ethics Committee gave approval to carry out both cage and 
field trials (Approval numbers AEC 175A, B, & C, 270, 172A & B cage; AEC 270, 303, 
field).  The Environmental Risk Management Authority (ERMA) also gave approval to carry 
out the toxic field trials (Approval number HSC 100004). 
 
 5.2.1 Bait matrix 
All trials conducted within this chapter used a 2 g sized cereal extruded pellet bait.  Mice were 
the main concern for bait size, however, pilot mice trials with different pellet sizes and shapes 
found no significant preference.  Most of the bait used during this trial was manufactured by 
Connovation Ltd.  Pest-Tech Ltd provided the initial bait for the non-toxic cage trials for all 
species and the possum non-toxic palatability field trials.  All cage trials were re-tested with 
Connovation Ltd bait before field trials were commenced to ensure palatability was consistent 
across the different manufactured baits.  Both Pest-Tech Ltd and Connovation Ltd used the 
same ingredients, volume of ingredients and manufacturing method for the bait production.   
 
 5.2.2  Non-toxic trials: palatability of multi-species bait 
Non-toxic palatability trials compared the preference of the multi-species bait against the 
current industry standard RS5 (control), in a two-choice test.   
 
The hypotheses were: 
H1 = The multi-species bait has equal or greater palatability than RS5 for all three target 
species. 
H0  = The multi-species bait has lower palatability than RS5 bait for all three target species. 
 
  5.2.2.1 Cage trials 
The possum trials were conducted at the PestTech Ltd animal facility.  Wild-caught possums 
were captured and caged individually in 600x700x800 mm wire mesh cages, each containing 
a plastic nesting box with nesting material.  The possums were kept within a temperature 
range of 10-22°C.  Daily feeding comprised of possum cereal grain pellets (Weston Milling 
Ltd, Rangiora).  Clean drinking water was continuously available.  Animals were allowed to 
acclimatise for a minimum of three weeks and weighed weekly to ensure weight had 
stabilised before being used in trials.  Each possum was presented a paired tray containing 
100 g of RS5 pellets (Animal Control Products, Waimate) and 100 g of the new multi-species 
bait (Pest-Tech Ltd, Christchurch), for six nights.  Mettler PC18 scales were used to weigh 
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bait throughout all the trials.  All baits were weighed before and after each trial to determine 
the amount of bait that was consumed by each individual. 
 
Rodent trials (both rats and mice) were conducted within the Lincoln University animal 
facility.  Rats and mice were kept in different rooms within a temperature range of 20-22°C 
on a 12 hour night/day lighting system. Twenty one laboratory rats and 21 wild captive mice 
were used in this trial.  Laboratory rats were purchased from Otago School of Medicine, 
Christchurch and housed in individual cages.   Wild mice were captured live and housed in 
individual cages.  Rodent cages contained sawdust and wood shavings as nesting material.  
The cages were 200x400x200 mm with plastic bottom and sides and a wire grate lid.  Daily 
feeding comprised of grain pellets (same as for possums) and clean drinking water that was 
continuously available.  As with possums; rats and mice were allowed to acclimatise for a 
minimum of three weeks and weighed weekly.  Rodents were presented with a paired tray of 
60 g of each bait.  Bait was weighed before and after each trial.  Mice have been known to be 
difficult to control in the field and therefore wild mice were used within this trial to ensure a 
more accurate bait preference. 
 
The palatability of each bait type was measured for each species as the percentage of the bait 
eaten in relation to the total bait consumption (i.e., test + control) for each individual: 
 
% palatability = (test bait 1/test bait1+test bait2)*100.   
 
For each species, the mean from all individuals gave the mean percentage palatability for each 
bait type.  A one-tailed paired t-test was conducted to find the significance of the result. 
 
 
  5.2.2.2 Field palatability trials 
Possum trials were conducted at the Newton pine plantation (43°29.5255S, 171°45.215E) and 
the rodent trials were conducted at Onawe (43°46’27.41S, 172°55’32.17E).  The sites are 
described in more detail in Chapter 2.  Previous monitoring at the Newton site showed only 
possums were present out of the three target species.  Onawe provided a rodent only trial site 
(no possums were present) with rats dominating the site for the first trial.  Rats were then kill-
trapped to provide a predominantly mouse-only trial (Chapter 3).   
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Paired Kilmore bait stations (www.pestcontrolresearch.co.nz) were attached to a tree within 
the field of view of a camera trap.  Thirty stations were deployed for each trial (possum, rat 
and mouse trials).  Two Kilmore stations were modified to ensure the trial was similar to the 
cage trials; the two internal station walls were removed and the stations were placed together.  
A ‘bridge’ of shade cloth was attached from the entrance of the station to the ground to 
provide easy access for rodents (Figure 5.1).  Pilot trials showed both rats and mice readily 
accessed the bait station via the shade cloth bridge. 
 
 
Figure 5.1:  Modified paired Kilmore bait stations used for the bait palatability trials in the 
field. Note the shade cloth bridges. 
 
The weight of bait at each bait station was measured at the start and finish of each trial period.  
Bait was randomly placed in each side of the station to ensure no left/right bias occurred. 
 
To allow correction for intrinsic bait weight change, a control station was deployed with every 
second paired station.  The control station consisted of a single kilmore bait station containing 
500 g of multi-species bait at Newton site (100 g was used at the Onawe site) and the entrance 
was covered with wire mesh to exclude animals from taking bait.  The bait in the control 
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stations was weighed before and after the trial, and any changes in weight (for example 
through water loss) were used to correct the weights in the experimental stations.   
 
Camera traps (Pixcontroller Digital Eye 7.2, www.pixcontroller.com) were deployed at every 
station to identify the activities of target species.  The cameras consisted of a Sony digital 
camera (Sony W55) attached to a control board which contained a passive infrared sensor.  
When the sensor was triggered by heat and movement (i.e. an animal), the camera was 
activated to take an image.  All cameras were configured to ‘trail’ mode which meant they 
took images at the quickest rate possible (approximately one image every three seconds) for 
the entire time an animal was at the bait station.  
 
Cameras and bait were checked every second day and if the bait was low it was replaced with 
new bait, giving a constant supply of bait to the target species.  Camera batteries and memory 
cards were also replaced every second day throughout the six day trials. 
 
The amount of bait consumed was used to find percentage palatability (as with cage trials). 
The mean weight change of the control bait was calculated and trial bait weight was adjusted 
accordingly.   
 
Where camera images showed non-target animals feeding from bait stations, these stations 
were eliminated from the palatability analysis, to ensure that the bait losses were due to 
consumption by the target animals only. 
 
 5.2.2.2.1 Possums 
Possum trials were conducted throughout November 2008.  Possums were presented 
approximately 500 g of each bait type.  Bait was deployed in sets of 10 sample units (paired 
stations), each monitored with a camera trap.  The baits were set out for six nights.  After each 
period of six nights, all 10 bait station pairs (and monitoring cameras) were moved to a new 
set of 10 sites, independent of the last.  The stations were spaced with a minimum spacing of 
200 m in randomly selected areas of the study site.  The spacing was adequate to provide an 
independent sampling unit. 
 
 5.2.2.2.2 Rats 
Rat trials were conducted from December 2008 to January 2009.  A total of 30 station pairs 
were used for the rat trials, deployed in sets of 10, for a period of six nights.  The minimum 
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spacing between stations was 50 m. Approximately 200 g of each bait type was placed in each 
station. 
 
 5.2.2.2.3 Mice 
Mice trials were conducted in April 2009.  A total of 20 camera stations were used for the 
mice trial which were all deployed simultaneously at random sites, at minimum 50 m spacing. 
Approximately 100 g of each bait type was placed in each station.  
 
Unpublished data of previous rat and mice kill-trapping at Onawe indicated that the home 
ranges of rats and mice were within the station spacing used in these trials; therefore each 
station provided an independent sampling unit. 
 
 5.2.3 Toxic trials: palatability and efficacy of multi-species bait with 0.4% 
cholecalciferol  
The hypotheses were: 
 
H1 = 0.4% cholecalciferol will effectively reduce all target species by 100% in the cage and 
80% or higher in the field trials. 
 
H0 = 0.4% cholecalciferol will not effectively reduce all target species by 100% in the cage 
and 80% or higher in the field trials. 
 
  5.2.3.1 Cage trials 
Possums were maintained in the PestTech animal facility, rats and mice in the Lincoln 
University animal facility as described above.  Five possums, eight rats and 20 mice were 
used in this trial.  Housing and feeding regimes were the same as for the palatability trials.  
Animals were fasted 24 hours prior to being presented with a weighed sample of toxic bait 
(100 g for possums, 50 g for rats and mice) in a non-choice test.  The bait was presented to the 
animals for three days.  Non-toxic feed pellets were available on the fourth day.  Body weight 
and bait consumption were measured daily for the duration of the study.  Time of death was 
also recorded.  Animals that were considered to be in excess stress, pain or suffering were 
euthanised. 
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  5.2.3.2 Field trials 
Three different control operations were used for the 0.4% cholecalciferol field trials; Onawe 
(the same site as described in the non-toxic trials above) (Figure 5.2), Manaia and Kinloch.  
Manaia is a privately-owned native bush block near Coromandel town in the North Island of 
New Zealand (36°49’19S, 175°28’56E) (Figure 5.4) and is a small scale trial relative to the 
other two sites, covering 12 hectares of native bush. The bush block was part of a larger tract 
of native forest consisting of rimu (Dacrydium cupressinum), totara (Podocarpus totara) and 
broadleaf species.  The forest floor consisted of various native fern species and supplejack 
vine (Ripogonum scandens). The site had a previous history of brodifacoum use but no poison 
had been laid for at least one year before this trial commenced.  The third site was situated at 
Kinloch, near Little River in the South Island of New Zealand (43°48'4.71S, 172°46'3.80E) 
(Figure 5.6).  The Kinloch site was a large-scale control operation covering 50 hectares of 
open pasture, kanuka (Kunzea ericoides), native tree nettle (Urtica ferox) and regenerating 
scrub-land.  No rat control has been conducted in this area although possum control was 
conducted three years previously using Feratox® (encapsulated cyanide) and trapping.   
 
  5.2.3.2.1 Onawe trial site 
The Onawe toxic trial was conducted from September to October 2009.  There were three 
blocks; a forest treatment block, a grass treatment block and a non-treatment block (control).  
The forest block was described in Chapter 2.  The grass block consisted of undisturbed thick 
exotic grass species.  The non-treatment block was approximately five kilometres from 
Onawe, with similar characteristics to the Onawe grass block.   
 
Monitoring was conducted before and after the toxic bait was deployed.  Tracking tunnels and 
camera traps were used to monitor rats and mice.  The forest block contained six lines of 10 
tracking tunnels; grass block contained four lines of 10 tracking tunnels, all spaced 25 m 
apart.  In the non-treatment block there were two lines of 10 tunnels at 25 m spacing.  
Tracking cards were baited with peanut butter for three nights.  Each day the cards were 
replaced with clean cards.  Two sets of data were collected from the tracking tunnels; a binary 
index that is commonly used for monitoring rodents, and a 4-point index as described in Quy 
et al (1993).  For the binary index I followed the method described by Gillies & Williams 
(2006) in which the number of tunnels tracked per line is used to create a percentage tracking 
rate per line.  The 4-point index categorises the activity at each tunnel whereby 0 = card not 
tracked, 1 = 1-25% card tracked, 2 = 26-95% card tracked, and 3 = 95+% of the card tracked.  
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The sum of scores for each line was totalled for each night.  A mean score per line per night 
for the three nights was then calculated to provide an activity index for each line in each 
block. 
 
Kilmore bait stations were used in the forest and a mixture of Sentry® 
(www.pestcontrolresearch.co.nz) and Kilmore stations were used in the grass block.  In the 
forest block, stations with a ‘bridge’ (to allow rodent access, as described earlier) were 
attached to trees.  In the grass block, stations were secured to the ground with pegs.  In the 
forest block there were 45 stations spaced 25 m apart in the forest.  In the grass block there 
were 128 boundary stations in total, spaced in a 25 x 25 m grid (Figure 5.3).  A large number 
of stations were placed around the outside of the tracking tunnels lines to minimise the 
number of invading mice from untreated grass area. 
 
Two pre-feeds were deployed in both blocks (forest and grass) once a week for two weeks 
with non-toxic multi-species pellet bait.  All stations received 200 g of non-toxic multi-
species bait.  On the third week, any remaining non-toxic bait was recovered and the toxic 
bait deployed. 
  
All stations received 100 g of 0.4% cholecalciferol multi-species bait.  Bait was left out for 
four nights.  On the fifth night any leftover toxic bait was recovered and replaced with non-
toxic bait for the camera post-monitor.  During the toxic phase, all bait was checked daily and 
replaced if necessary.  The post-monitoring was conducted five days after the toxic phase was 
completed. 
 
Fifteen randomly-assigned bait stations in the forest block were monitored with camera traps, 
making up 33% of the forest bait stations.  Cameras were deployed during the second pre-feed 
and were left until the post-monitoring was completed.  The number of activities of each 
species was calculated using the method described in Chapter 2.   
 
The number of activities for each species at each camera was recorded, and the mean number 
of activities for each species per night calculated.  The data was collated for each monitoring 
period; before, during and after the toxic treatment.  The number of activities before and after 
the toxic treatment was used in a generalised linear mixed model with Poisson distribution to 
determine whether the toxic bait had a significant influence on the activity (and hence 
presence) of each pest species.  The random effect was camera+night+(camera.night) using 
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the fixed effects of constant+treatment+night+(treatment.night).  Non-target species 
information seen in the camera data was tabulated. 
 
Bait efficiency was calculated by percentage reduction seen in the monitoring activity before 
and after the toxic treatment.  The percentage reduction per line was calculated: 
  
% reduction = (pre1–post1/pre1)*100,   
where pre1 is the monitoring results prior to the treatment and post1 is the monitoring results 
after the treatment.  The mean reduction for each line was calculated to give the mean 
percentage change ± standard error for the toxic trial.  Standard error was calculated by the 
standard deviation of each line divided by the square root of the sample size. 
 
Five minute bird counts were conducted at four points spread throughout the forest area at 
approximately 250 m spacing.  At each point, a two minute settling period was initiated after 
which there was a five minute period where all native birds seen and heard were recorded.  
Bird counts were conducted at the same location, time of day, and in similar weather 
conditions before and after the toxic bait was deployed.  Bird counts were conducted two 
weeks prior and one week after the toxic treatment.  
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Figure 5.2.  Location of Onawe Peninsula. Scale 1:150,000.  Control block is shaded in blue, 
treatment block in red.  Insert shows a map of New Zealand with a red mark locating the 
study site. 
 
 
Figure 5.3.  Map (not to scale) showing Onawe Peninsula with the two treatment blocks; 
forest and grass. 
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  5.2.3.2.2 Manaia trial site 
The Manaia toxic bait trial was conducted from July to August 2009.  Information gathered 
before this study indicated that this site would be useful for assessing the impact of the bait on 
rats and mice.  The site was divided into a treatment and non-treatment (control) block spaced 
150 m apart (Figure 5.5). 
 
Tracking tunnels, used in the same manner as described earlier, were used to monitor rat and 
mouse abundance.  There were two lines of 10 and one line of five tunnels in each block 
(treatment and non-treatment), spaced 25 m apart.  Tunnel lines were spaced approximately 
100 m apart. 
 
WaxTags (www.pestcontrolresearch.co.nz) were used to monitor possums, following the 
NPCA (2007a) protocol. Four lines, each of 20 WaxTags spaced at 10 m were deployed, with 
two lines in the treatment block and two lines in the non-treatment block. Each WaxTag was 
attached to a tree 30 cm above the ground, and approximately 5 g of a 1:5 mix of icing sugar 
and flour placed on the tree below the tag, to act as a lure.  The WaxTags were deployed for a 
three-night period both before and after the toxic treatment.  For each 3-night period, the 
number of WaxTags bitten per line was recorded, divided by total number of WaxTags 
available in each line. The percentage reduction in activity caused by the toxic bait was then 
calculated using the same formula described earlier for tracking tunnels. 
 
Camera traps were also used to monitor possum, rat, and mouse activity at each bait station 
before, during and after the toxic treatment.  Ten cameras were deployed at bait stations in the 
treatment block (56% of bait stations); these were deployed at the time of the second pre-feed 
and removed three nights after the toxic treatment.  Eight cameras were deployed in the non-
treatment block, for the same time period as the treatment block. 
 
There were two non-toxic bait pre-feeds, at weekly intervals, before the toxic treatment.  At 
each pre-feed, 200 g of non-toxic multi-species bait was placed in each station.  All remaining 
non-toxic bait was removed before the toxic treatment commenced. 
 
In the treatment block, eighteen Kilmore bait stations were used with the ‘bridge’ attached.  
One hundred grams of 0.4% cholecalciferol multi-species bait was placed out for four nights.  
The bait was checked each day, and any stations that were low or empty received a further 
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100 g of bait.  After four nights, toxic bait was replaced with non-toxic bait for a further three 
nights.  The non-treatment block stations received a constant supply of non-toxic multi-
species bait throughout the trial. 
 
Bird counts were conducted before and after the toxic bait, in the same manner as described 
for the Onawe trial above.  Four points were used approximately 150 m apart covering both 
the treatment and control blocks. 
 
 
Figure 5.4.  Location of Manaia site (trial site shaded red) Scale 1:50,000.  Insert shows a 
map of New Zealand with a red mark locating the study site. 
 
 
 72 
 
Figure 5.5.  Map (not to scale) showing Manaia trial site treatment and control blocks with 
station line locations. 
 
  5.2.3.2.3 Kinloch trial site 
The Kinloch toxic bait trial was conducted from October to December 2009.  Kinloch was a 
large-scale trial, covering all three target species.  Possum abundance was measured pre- and 
post-treatment using the Residual trap catch method using Victor #1 leg-hold traps as 
described in the NPCA protocol (2007b).  Leg-hold traps were placed at 20 m intervals in 
lines of 10.  Two lines were placed in the treatment block, and two in the control.  Percentage 
change was calculated following the methods described in the NPCA (2007b) protocol.  
 
Rodent activity, before and after the toxic treatment, was measured using tracking tunnels.  
Eight lines of five tunnels were placed in each of the treatment and non-treatment blocks.  
Tunnels were placed at 50 m apart and tracking cards removed after two nights.  A binary 
index was calculated, following the same procedure as described earlier. 
 
Bait was placed in 120 Sentry® bait stations.  Bait stations were placed on a 50 x 50 metre 
grid in areas of thick scrub and at approximately 100 m spacing in areas where vegetation was 
sparse. 
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Two pre-feeds were conducted before the toxic treatment with a seven day interval between 
each pre-feed and the treatment. Approximately 100 g of non-toxic multi-species bait was 
placed in each bait station.   
 
Approximately 100 g of 0.4% cholecalciferol bait was placed in each bait station for the 
treatment phase.  Toxic bait take was monitored on day three and day seven following bait 
deployment, and where necessary, more bait was added.  The toxic bait was deployed for a 
total of 14 days.  Post monitoring was conducted 21 days after the toxic bait was first 
presented.   
 
Figure 5.6.  Location of the Kinloch study site (site shaded in green).  Scale 1:250,000. Insert 
shows a map of New Zealand with a red mark locating the study site. 
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5.3  Results 
 
 5.3.1  Non-toxic trials: palatability of multi-species bait 
 
  5.3.1.1 Cage trials 
 
When compared to RS5, the multi-species bait was highly palatable to all three target species 
(Figure 5.7). Mice showed the strongest preference (98±3.71%) for the multi-species bait over 
the RS5. Paired t-tests showed a highly significant difference with rats (t=1.72, df=20, 
P<0.001) and mice (t=1.72, df=20, P<0.001).   
Figure 5.7.  Palatability of multi-species and RS5 bait, as a percentage (± SEM) of total bait 
consumed.  Values are for possum, rat, and mouse cage trials. 
 
  5.3.1.2 Field trials 
In field trials, all three target species preferred the multi-species bait over RS5 (Figure 5.8).  
Paired t-tests show possums had a highly significant preference (t=1.7, df=26, P<0.001).  Rats 
and mice also showed significant preferences for the multi-species bait: rats (t=1.71, 
df=23,P=0.04), and mice (t=1.79, df=11,P=0.005). 
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Figure 5.8.  Palatability of multi-species and RS5 bait, as a percentage (± SEM) of total bait 
consumed.  Values are for possum, rat, and mouse field trials.  
 
In both cage and field trials the null hypothesis, that the multi-species bait has lower 
palatability than RS5 bait for all three target species is rejected for all three target species.  
The alternative hypothesis, that the multi-species bait had equal or greater palatability than 
RS5 for all three target species is therefore accepted.  
 
It was of interest to get an indication of any palatability difference between the cage and field 
trials, particularly for rats and mice.  Therefore the percentage palatability of the multi-species 
bait was analysed with a two-tailed paired t-test to indicate any significant difference between 
trials.  There was no significant difference between the cage and field trials for rats (t=0.07, 
df=30 , P=0.944), however there was a significant difference in the mice cage and field trials 
(t=-7.75 , df=11, P<0.001).  
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 5.3.2 Toxic trials:  palatability and efficacy of multi-species bait with 0.4%               
cholecalciferol 
 
  5.3.2.1 Cage trials 
 
   5.3.2.1.1 Possums 
One possum tipped the food out on both nights and was therefore excluded from the trial.  All 
of the remaining four possums died from consuming the 0.4% cholecalciferol within the 
multi-species bait, in an average of 6.5 days, with a range of 5-9 days (Table 5.1).  The 
possums tended to eat a large amount of bait on the first night. The amount of bait consumed 
was reduced drastically by the second night and on subsequent nights very little or no bait was 
consumed.  Possums showed signs of lethargy after day two and became progressively more 
lethargic thereafter.  No other visible signs of poisoning were seen.  These indications of 
poisoning were common for all three species.  Possums lost an average of 16.2 ±2.45% body 
weight.   
 
Table 5.1. Possum individual, sex, days until death and amount of toxin consumed, in non-
choice tests with 0.4% cholecalciferol bait. 
Possum 
number 
Sex Days to 
death 
Toxin 
consumed 
(mg/kg) 
1 Female 5 26.2 
2 Female 5 21.0 
3 Male 7 16.9 
4 Male 9 18.4 
5* Male N/A N/A 
* This possum repeatedly tipped the bait out of the bowl 
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   5.3.2.1.2 Rats 
Of the eight rats presented with 0.4% cholecalciferol, all rats died on average 6.5 days, with a 
range of 5-9 days (Table 5.2).  Rats lost an average of 7.13±1.2% body weight.  Consumption 
rate and effects of poison were similar to possums.  
 
Table 5.2. Rat individual, sex, days until death, bait eaten and amount of toxin ingested in 
non-choice tests with 0.4% cholecalciferol. 
Rat 
number Sex Days to death Bait consumed (g) 
Toxin consumed 
(mg/kg) 
1 Female 6 11.51 142.98 
2 Female 8 11.63 158.77 
3 Female 8 19.97 251.98 
4 Female 9 9.63 154.08 
5 Male 5 45.46 313.51 
6 Male 5 41.13 240.52 
7 Male 5 19.38 159.17 
8 Male 6 26.9 228.45 
 
   5.3.2.1.3 Mice 
Twenty out of twenty mice died when presented with 0.4% cholcalciferol on average 7 days, 
with a range of 4-9 days.  Mice lost an average of 27% body weight.  Consumption rate and 
effect of poison were similar to possums and rats. 
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Table 5.3.  Mouse individual, sex, days until death, bait eaten and amount of toxin ingested in 
non-choice tests with 0.4% cholecalciferol. 
Mice 
Number Sex Days to death Bait consumed (g) 
Toxin consumed 
(mg/kg) 
1 Female 6 5.79 1437.33 
2 Female 7 7.39 1856.69 
3 Female 6 5.38 1251.67 
4 Female 8 4.15 1068.64 
5 Female 7 5.87 1494.11 
6 Female 7 2.13 545.04 
7 Female 7 4.92 1040.43 
8 Female 4 0.75 198.36 
9 Female 6 3.43 863.30 
10 Male 9 5.53 1028.05 
11 Male 9 6.82 1423.38 
12 Male 7 5.77 1372.19 
13 Male 8 5.94 1279.85 
14 Male 9 5.02 1119.71 
15 Male 7 5.35 1163.81 
16 Male 6 4.10 816.85 
17 Male 7 5.04 1127.60 
18 Male 7 4.93 920.69 
19 Male 6 4.70 903.73 
20 Male 7 4.08 893.95 
 
 5.3.2.2 Field toxic trials 
 
  5.3.2.2.1 Onawe trial site 
In the Onawe forest block, the tracking tunnel binary index for rats prior to the toxic phase 
showed 18% rat and 98% mouse activity.  After the treatment no rat activity was seen and 
mice activity was reduced to 13%.  It was noted that on the first two nights there was very 
little mouse activity but on the third night there was a dramatic increase.  The dramatic 
increase on the third night was thought to be a re-invasion from nearby untreated grass areas 
and only the first two nights were used in the analysis.  Results showed a reduction of 100% 
for rats and 85.77±8.17% for mice in the forest block (Table 5.4).   
 
Bait station activity (camera data) showed rat activity post-poison where the tracking tunnels 
registered no activity (Table 5.4).  Cameras showed a higher percentage of reduction than 
both tracking tunnel results.  Rats were active at the bait stations during the first two nights of 
the treatment phase which then fell rapidly, indicative of the ‘stop feed effect’ of 
cholecalciferol (Figure 5.9).  Mice activity was present throughout the four nights of the 
treatment phase.  No camera information was available for the non-treatment or grass blocks.  
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The generalised linear model investigated whether the effect of treatment was significant 
between the number of mice activities before and after the treatment.  The treatment was 
found to be highly significant (F1,58.5; P<0.001).  The data also found that the effect of 
treatment is not significantly affected by night (F5,69.5=1.07; P=0.384). 
 
Table 5.4. Percentage reduction at Onawe toxic trial using three methods of monitoring. 
  Tracking tunnel Camera Traps 
  Binary index 4-point index   
Rats 100% 100% 96.01±6.18% 
Mice 85.78±8.19% 83.51±2.01% 96.877±1.115% 
 
Figure 5.9.  Mean number of activities (±SEM) in the Onawe forest block for rats and mice at 
the camera/bait stations before, during and after the treatment with 0.4% cholecalciferol bait. 
 
In the grass block no rats were found in the grass block throughout the trial.  Mice were 
present in high numbers with 95% of the tunnels tracked prior to the toxic phase.  Post-
monitor reduced the number of tunnels tracked to 62.5%, giving a reduction of 36.25±15.46% 
(binary index) or 66.83±16.52% (4-point index).   
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The non-treatment block showed no rat activity.  Mouse activity showed a slight reduction of 
5.56±5.56% (binary index) and 4.8±11.8% (4-point index), because of the large separation 
between the sites this is not likely to be caused by the toxic treatment. 
 
   5.3.2.2.1.1 Non-target species 
Tracking tunnels showed three out of 60 tunnels had hedgehog (Erinaceus europaeus) tracks 
at the pre-monitor; none were found post-monitor.  The cameras showed four non-target 
species at the bait stations as detailed in Table 5.5.  Bird counts showed no gross changes in 
native birds before and after the toxic treatment (Tables 5.6 and 5.7). 
 
Table 5.5.  Non-target species that visited bait stations during the trial at Onawe.  Species 
name, activity at the bait station and if they were seen during the monitoring and after the 
treatment. 
Non-target species Activity at bait station Post monitor activity 
Possum One individual seen at one 
station, nightly feeding on 
bait until second night of 
toxic phase 
No activity 
Cat One individual seen at 
multiple stations, seen eating 
bait directly from a station 
during treatment phase 
No activity 
Blackbird (Turdus merula) Seen on numerous occasions 
at one station. Was not seen 
getting into station or eating 
bait 
Still seen at same levels as 
pre-treatment phase 
Hedgehog Seen at one station during the 
pre-monitor 
No activity 
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Table 5.6.  Five minute bird count results before the cholecalciferol 0.4% treatment at the 
Onawe trial site.* 
Line Piwakawaka 
(Rhipidura 
fuliginosa) 
Pipipi (Mohoua 
novaseelandiae) 
Riroriro (Gerygone 
igata) 
Korimako 
(Anthornis 
melanura) 
A 1 2 1 4 
B 2 2 1 4 
C 1 1 1 3 
D 1 0 1 2 
Total 5 5 4 13 
*Weather:  sunny, light cloud, moderate wind 8°C.  Counts conducted between 9am-3pm. 
 
Table 5.7.  Five minute bird count results after the cholecalciferol 0.4% treatment at the 
Onawe trial site.* 
Line Piwakawaka 
(Rhipidura 
fuliginosa) 
Pipipi (Mohoua 
novaseelandiae) 
Riroriro (Gerygone 
igata) 
Korimako 
(Anthornis 
melanura) 
A 2 2 1 4 
B 2 1 0 3 
C 1 1 2 2 
D 2 0 1 3 
Total 7 4 4 12 
*Weather: Cloudy, moderate wind 7°C.  Counts conducted between 9am-3pm. 
 
 
  5.3.2.2.2 Manaia trial site  
Tracking tunnels displayed high rat activity (100% tunnels tracked) prior to the treatment 
which was reduced to 73% after the treatment.  The four point index and camera trap data 
showed a higher percentage reduction than the binary index (Table 5.8).  The non-treatment 
block showed an increase of 8-10% rat activity.  No mice were found in the trial site. 
 
Camera results show rat activity was high at the stations during the first three nights of the 
treatment phase which then declined.  However, there remained constant lower activity at 
these sites during the rest of the treatment phase and post monitor.  The non-treatment block 
had a variety of activities at the camera stations during the post-monitor; five cameras found 
large reductions in rat activity, three camera stations found large increases in rat activity.  
Therefore the camera result has a high standard error and not likely to be indicative of the 
actual result (Table 5.8).  A reduction of rat activity in the non-treatment block was seen 
during the treatment phase which then increases back to pre-monitor levels (Figure 5.10). 
 
WaxTag results indicated a possum reduction in the treatment block of 81.25±18.75%.  The 
camera data found a similar result (Table 5.9).  In the non-treatment block camera results 
found a reduction of 32.62±22.27%.  There was a large variation of activity at the camera 
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stations leading to a high standard error.  WaxTags indicated an increase in the possum 
activity in the non-treatment block (Table 5.9).  Due to bad weather over the post-monitoring 
period, WaxTags were only out for one fine night which may have affected both the WaxTag 
and camera results. 
 
Camera data found a reduction in possum activity.  Possums in both blocks had steady 
activity during the first three nights of the toxic phase which declined significantly only to 
slightly increase during the post-monitor (Figure 5.11). 
 
Table 5.8. Percentage reduction for rats at the Manaia site in the treatment and control blocks.  
Results give tracking tunnel data with both binary and 4-point indices and using camera traps. 
 Tracking tunnels Camera traps 
 Binary index 4-point index  
Treatment 26.67±13.33% 55.21±10.49% 88.54±10.74% 
Control +8.33±8.33% +7.9±5.47% +10±37.5% 
 
Table 5.9.  Percentage reduction for possums at the Manaia site in the treatment and control 
blocks.  Results give tracking tunnel data with both binary and 4-point indices and using 
camera traps. 
 WaxTag Camera traps 
Treatment 81.25±18.75 73.64±14.48 
Control +12.5±12.5 32.62±22.27 
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Figure 5.10.  Mean rat activity (±SEM) before, during and after the treatment at both the 
treatment and non-treatment (control) blocks, at the Manaia trial site. 
 
 
Figure 5.11.  Mean possum activity (±SEM) before, during and after the treatment at both the 
treatment and non-treatment (control) blocks, at the Manaia trial site. 
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   5.3.2.2.2.1  Non-target species 
Two different cats were seen during the control operation.  No other non-target species were 
seen at the bait stations.  The bird count had a lower number of birds during the post-monitor 
however not significant (Tables 5.10 and 5.11).   
 
Table 5.10.  Five minute bird count results before the cholecalciferol 0.4% treatment at the 
Manaia trial site.* 
Line Piwakawaka 
(Rhipidura 
fuliginosa) 
Kereru 
(Hemiphaga 
novaseelandiae) 
Tui 
(Prosthemadera 
novaseelandiae) 
Korimako 
(Anthornis 
melanura) 
Miromiro 
(Petroica 
macrocephala) 
K 2 1 3 1 0 
L 2 1 1 0 0 
H 1 0 3 0 0 
D** 2 0 0 0 1 
Total 7 1 7 1 1 
* Weather:  Sunny, no clouds, no wind, 10°C.  All counts conducted between 9-11:30am. 
**Note:  Was close to highway so there was a lot of traffic noise which made hearing birds 
difficult. 
 
Table 5.11.  Five minute bird count results after the cholecalciferol 0.4% treatment at the 
Onawe trial site.* 
Line Piwakawaka 
(Rhipidura 
fuliginosa) 
Kereru 
(Hemiphaga 
novaseelandiae) 
Tui 
(Prosthemadera 
novaseelandiae) 
Korimako 
(Anthornis 
melanura) 
Miromiro 
(Petroica 
macrocephala) 
K 2 0 1 0 0 
L 1 0 0 0 0 
H 2 0 1 1 0 
D** 1 0 0 1 0 
Total 6 0 2 2 0 
*Weather:  Heavy rain, slight wind, 10°C.  All counts conducted between 9-11:30am. 
**Note:  Was close to highway so there was a lot of traffic noise which made hearing birds 
difficult. 
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  5.3.2.2.3 Kinloch trial site 
Possum and rat populations appeared to be reduced with the reduction of 93.5% and 
82.85±17.14% respectively (Table 5.12).  Rats were only found in one tunnel in during the 
post-monitor.   
 
Table 5.12.  Possum leg hold trap data and rat tracking tunnel data for the Kinloch site 
showing the percentage reduction of the two target species. Pre-monitor and post-monitor 
results are given for treatment and non-treatment (control) blocks. 
Target species  Pre-monitor Post-monitor % reduction  
Possums Treatment 27% 1% 93.5% 
 Non-treatment 14.2% 12.4% 12.5% 
Rats Treatment 62.86±16 2.86±2.86 82.85±17.14 
 Non-treatment 45±9.06 42.5±5.9 4.79±5.9 
 
In both cage and field trials the null hypothesis that 0.4% cholecalciferol was unable to 
effectively reduce all target species by 100% in the cage and <80% or higher in the field trials 
was rejected for all three target species.  The alternative hypothesis, that 0.4% cholecalciferol 
was able to effectively reduce all target species by 100% in the cage and <80% or higher in 
the field trials was accepted.  
  
 86 
5.4 Discussion 
 
5.4.1   Non-toxic trials: palatability of multi-species bait 
The non-toxic multi-species bait was signifcantly preferred over the industry standard, RS5 
for the species tested.  In both cage and field trials the multi-species bait was the most 
preferred.  While mice showed preference for the multi-species bait in the cage trials, this 
preference was significantly lower in the field trials (although still significantly preferred over 
RS5).  The result from this trial raises two points worthy of further discussion: the importance 
of field trials to properly assess new baits, and the change in feeding behaviour between cage 
and field environments.   
 
There are many potential reasons for mouse feeding behaviour being different in the field 
compared to in cages.  Unlike the cage trials where each mouse had its individual space; in 
the field it is a group-feeding situation.  More than one mouse feeding at the bait station may 
have been influencing where mice were feeding and which bait they ate.  Throughout a mouse 
population there are dominant and subordinate individuals (Clapperton 2006; King 2005).  If 
the multi-species bait was favoured by the dominant individual it may exclude other mice 
from eating that bait.  The subordinate individuals might only get access to the RS5 bait, 
producing the difference in palatability between the cage and field trials.   
 
Predation threat may have a significant influence on feeding behaviour in the wild.  In a high 
predator risk environment, prey animals were found to be more wary of novel objects, move 
rapidly about the environment and spend more time in refuges (Kotler 1984; Lima 1998).  
Mice have many predators that are common on mainland New Zealand; morepork (Ninox 
novaseelandiae), Australasian harrier (Circus approximans), mustelids (Mustelidae spp), cats 
(Felis catus) and rats all predate on mice (King 2005).  Mice that have a constant threat of 
being preyed on may be ‘nervous’ feeders, being less likely to stay in one place, such as a bait 
station, and feed for any significant period of time.   
 
After rat eradication, the mice population dramatically increases (Caut et al. 2007, M Bowie 
pers comm, Innes et al. 1995).  In Chapter 3, rat presence at bait stations significantly lowered 
mouse activity, supporting the view that mouse behaviour in the field is altered by predation 
threats.  The presence of rats would cause a lower bait uptake by mice and would threaten the 
success of mouse control operations where predators are present at bait stations.  In cage trials 
where mice have acclimatised to the environment, predator threat is diminished significantly, 
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which alters feeding habits that would normally be displayed in the field (Hopkins 2008).  
Altered feeding habits caused by rat presence could explain the difference in the bait uptake 
between cage and field trials.  The obvious difference found between the mouse cage and 
field trials highlights the importance of having a staged experimental design for bait trial 
studies, where cage as well as field trials are conducted.  Results also highlight the potential 
influence that pest species interactions at bait stations may have on the success of baiting 
operations that are intended to simultaneously control multiple pest species. 
 
 5.4.2 Toxic trials:  palatability and efficacy of multi-species bait with 0.4% 
cholecalciferol 
In the cage trials, all animals presented with 0.4% cholecalciferol in the multi-species bait 
died (Table 5.1, 5.2 and 5.3) indicating that the bait was acceptable to eat (i.e. that addition of 
the toxin didn’t cause the bait to become unpalatable) and that 0.4% is an appropriate 
cholecalciferol concentration for all three target species.  All animals ate a large amount of 
bait in the first night, receiving well above the amount of toxin required for a lethal dose.  
Beyond the first night, they ate very little, displaying the ‘stop-feed effect’ known to be 
caused by cholecalciferol (Brown & Marshall 1988; Pratt & Hickling 1993).  On average, all 
animals died within seven days of consuming the bait.  From a welfare perspective, the length 
of time until death still remains a long period of suffering; but it is comparable to other toxins 
that are currently used.  There did seem to be less signs of distress and discomfort for the 
animal compared with other currently used toxins (Table 5.13).  No secondary poisoning, 
minimal impact to native species and minimal persistence in the environment are other 
important factors that make this toxin suitable as a multi-species toxin.  Feracol® has a 0.8% 
cholecalciferol concentration; however these cage trials have shown that 0.4% concentration 
provides a similar level of efficacy for possums and rodents, and is therefore a viable 
alternative for use as a multi-species toxin. 
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Table 5.13.  Ranking of various toxins available in New Zealand, in regards to multi-species 
control and humaneness.
 
Toxicant Average time to death Symptoms (symptoms for possums but is 
similar for rats and mice). Obtained from 
Eason & Wickstrom 2001. 
Ranking in terms of 
multi-species use and 
humaneness  
 Possum Rat Mice   
Cyanide (Feratox®) 
Gregory et al. 1998 
18min N/A N/A Rapid onset of tachycardia, tremors, 
salivation, dyspnoea, convulsions, 
death from respiratory paralysis. 
 
Low – not viable for 
rodent species. 
Sodium fluoroacetate 
(compound 1080) 
Littin 2004, Fisher & Airey 
2009 
11.5 hrs  2-5 
Days 
Vomiting, tremors, seizures, 
cyanosis, death from heart and/or 
respiratory failure 
 
 
Low – Poor results in 
field for mice 
Brodifacoum 
Littin et al. 2002, Littin et al. 
2000, O’Connor & Booth 
2001 
21 days 7.2 
days 
9 days Lethargy, excessive external 
bleeding, internal bleeding, death 
from heart attack/bleeding out 
 
Low – inhumane toxin 
and persistence in 
environment 
Cholecalciferol 0.075% 
Brown & Marshall 1988 
Nil* 10 
days 
4.7days See below Low – Too low 
concentration to be 
viable for possums 
 
Cholecalciferol 0.8% 
(Feracol®) 
Eason et al. 2010 
 
7days 4days N/A See below Moderate – borderline 
humaneness 
Cholecalciferol 0.4%  6.5days 6days 6days Loss of appetite, lethargy, rapid 
breathing, death from renal or heart 
failure 
 
Moderate – borderline 
humaneness 
 
The Onawe control operation was designed to target rats and mice.  Rats were found at low 
activity pre-treatment which was successfully reduced to near zero activity, indicating that 
0.4% cholecalciferol was effective at reducing wild rat numbers, even when starting 
populations are low (Table 5.4).  The 0.4% cholecalciferol showed good mouse control within 
the forest with 86±8% and 97±1% reduction in activity at the tracking tunnels and bait 
stations respectively.  However in the grass block there was only a 36-67% reduction 
(depending on which tracking index was used).  One reason for the low reduction in the grass 
block could have been that habitat characteristics limited mouse access to the bait stations.  
The grass was very dense, being undisturbed for over 10 years.  At ground level, a network of 
mouse access tunnels through the grass thicket could be seen.  If a bait station position didn’t 
intersect with a mouse tunnel, that bait station had a reduced chance of being found by mice.  
Pre-feed bait weights indicated that over 50% of the bait stations in grass habitat were not fed 
from.  The inaccessibility would likely have affected the bait effectiveness.  The forest 
understorey habitat gave mice easier access to bait stations and a higher reduction of mice 
resulted.  Therefore, for mouse control, habitat type can have a significant influence on the 
effectiveness of control operations.  In good habitats, as was seen in the forest situation, 0.4% 
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cholecalciferol is a highly effective mouse control tool.  The complications seen in this trial 
once again highlights further complications for mouse control operations and further research 
into mouse movements and behaviours related to bait uptake should be investigated further. 
 
At the Manaia site, rat data showed a reduction but to a much lesser extent than was seen at 
Onawe and Kinloch.  There are three factors that were likely to underpin this result; rats 
moving into the treatment block from outside the site, species interactions at the bait stations, 
and an inappropriate post-monitoring methodology. 
 
Because the Manaia site was small, rats could easily have moved into the treatment block 
from the nearby forest.  Cameras in the non-treatment block showed a 10% increase in rat 
activity, which is best explained by new rats moving in from outside the site.  Cameras 
showed rat activity throughout the four days of the toxic bait (Figure 5.9).  As 0.4% 
cholecalciferol causes a ‘stop-feed effect’, poisoned rats are not likely to be feeding at bait 
stations after day two of the toxic phase, as was seen in the cage trials and at the Onawe site.  
This continued activity at the bait stations during the full four days of toxic baiting indicates 
that new rats were moving into the treatment block.   
 
Camera data from other possum studies conducted during this research showed that possums 
can spend a large amount of time feeding at bait stations; in Chapter 2 it was found that 
possums would stay at a station an average of 10 minutes at a time and one individual was 
recorded for 60 minutes at a bait station.  Although rats have been seen in the presence of 
possums at bait stations (Figure 5.12) they were not seen accessing the bait station or taking 
bait while possums were present.  The toxic bait at Manaia was only available for four nights, 
and with high movement of possums into the area because of the small size of the site, it was 
likely that possums displaced rats at the stations.  Possums excluding rats from the bait station 
would have reduced the amount of bait taken by rats.  Therefore when multiple pests are 
being simultaneously targeted, the time period that toxic bait is available should be 
lengthened, to ensure enough time for all pests to access bait.  The time that toxic bait was 
deployed for was modified for the Kinloch trial and toxic bait was out for 14 days to allow 
maximum access of all target species to the bait with significant reductions gained for both 
possums and rats. 
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Figure 5.12.  A rat and a possum at a bait station.  Photo taken in the non-treatment block at 
the Manaia trial site. 
 
The Manaia post-monitoring may have been conducted too soon after the toxic phase; 
allowing poisoned animals to be tracked by the tracking tunnel monitoring, before they have 
succumbed to the bait.  In the cage trials, all three target species showed a ‘stop-feed effect’ 
after the second night.  However they remained active and on previous nights were still able 
to move quickly around the cage when stimulated (S Hix, pers comm.).  Because the post-
monitor was conducted within a day after the toxic phase, some animals would still be active 
and therefore could be picked up by the tracking tunnels.  Cameras showed a larger reduction 
in rat activity which may support the idea that rats were still active but were no longer feeding 
at the bait stations (Figure 5.11).  Further control operations using 0.4% cholecalciferol 
should take into consideration the post-monitor timeframe and ensure adequate time between 
the toxic phase and the post-monitor.  In subsequent trials (Onawe and Kinloch), post-
monitoring was conducted a minimum of four days after the toxic phase was completed to 
avoid this. 
 
A good reduction of possums (81%) was achieved in the Manaia treatment block, however 
not as high as many possum control operations that can be higher than 95% reduction 
(Morgan et al. 1997; Frampton et al. 1999).  Due to the small size of the site, immigration of 
possums from nearby forest is likely to be a key factor.  One possum with a distinctively-
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marked nose was seen in images captured at four different camera stations (in both treatment 
and non-treatment blocks) during the pre-monitor and toxic phase; indicating movement of 
individual possums across the entire trial site.  
 
It is therefore apparent that both the rat and possum results from the Manaia trial were not a 
true indication of the effectiveness of the 0.4% cholecalciferol bait.  There were too many 
complicating factors; mainly due to the small size of the trial site.  Further small scale 
operations should be avoided unless there are barriers against invading target species such as 
predator-proof fences. 
 
The Kinloch trial was a large scale control operation which showed excellent reduction of rats 
and possums.  This control operation shows that the 0.4% cholecalciferol multi-species bait 
was able to effectively reduce possum and rat numbers in the field. 
 
 5.4.3  Camera traps 
Cameras were an essential tool for identifying species visiting bait stations.  Cameras are 
increasingly used for identifying rare and cryptic species, foraging patterns, and animal 
behaviours (Rowcliffe et al. 2008, Silveira et al. 2003, Carbone et al. 2001).  Cameras 
provide a non-invasive method of viewing animals at bait stations.  They also have the added 
benefit of being lightweight and inexpensive compared to video surveillance gear.  As well as 
bait efficiency; animal welfare, environmental and non-target species impacts is vital 
information for the registration of new baits.  Data on non-target species visiting stations 
provides both qualitative and quantitative evidence of non-target impacts of new baits.  
 
Camera trapping has the potential to be used for monitoring control operations.  Camera 
monitoring results were within a similar range (Tables 5.4, 5.8 and 5.9) as the tracking tunnel 
monitoring, although the camera data nearly always showed a higher reduction than the 
tracking tunnels (Onawe rat data being the only exception).  Camera trap data had the added 
benefit of being able to provide information during the treatment phase of the control 
operations.  Effect of the toxin, likely immigrations, and non-target information could all be 
deduced from the camera data during this phase of the control operation.  In Chapter 6, a 
comparison of camera trap monitoring with two other conventional monitoring tools will 
further explore the camera trap as a monitoring tool for control operations. 
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Different monitoring techniques are important for areas such as offshore islands when it is 
essential to pick up any pest species, or individuals, present.  At the Onawe site, post-
monitoring with the tracking tunnels did not show any rat tracks.  However, camera data 
showed rat activity at two different bait stations over 400 m apart, showing there were likely 
to be at least two rats still present in the area after the toxic phase.  Because the site was 
surrounded by water it was unlikely these rats had recently invaded.  For mainland areas not 
supported with predator proof fences, this low number of rats post-poison may be acceptable.  
However on an island sanctuary where identifying any pest animals is imperative, these 
tracking tunnel results would have been unacceptable.  Therefore tracking tunnels may not be 
an appropriate tool for certain situations.  Camera traps can be left for up to three months in 
the field (depending on activity) making it a viable monitoring tool for island sanctuaries and 
further research on camera trapping as a monitoring tool for these areas should be 
investigated. 
 
 5.4.4   Non-target species 
Non-target species were attracted to the multi-species bait.  Cameras showed cats and 
hedgehogs eating bait directly out of the bait station.  No native birds within these trial sites 
showed interest in the bait although inquisitive birds, such as kea and weka, may be attracted 
to this bait.  Eason et al. (2000) and Booth et al. (2004) have conducted cholecalciferol trials 
with weka (Gallirallus australis) as well as several invertebrates species, mallard ducks (Anas 
platyrhynchos), and the native spotted skink (Oligosoma lineocellatum) and none showed any 
toxic effects from consuming bait containing cholecalciferol.  These studies also looked at 
secondary poisoning risks with cats and dogs and found a very low risk only with repeated 
exposures.  Information found during the Onawe and Manaia trials support the view that 
choleclaciferol has minimal impacts on non-target native species.  This result makes this toxin 
viable for more widespread control operations.  Although no secondary risk of poisoning was 
found with cats and dogs, results from Onawe and Manaia sites indicate that there may be a 
poisoning risk for cats if they eat the bait directly.  Cholecalciferol may help to reduce other 
pest mammals not specifically targeted such as feral cats and hedgehogs.   
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5.5  Conclusions 
Overall, the multi-species bait was found to be palatable to all three target species and 0.4% 
cholecalciferol is effective in reducing possum, rat and mouse numbers in cages and in the 
field.  Mouse results, although somewhat mixed, show good mouse control is possible with 
the 0.4% cholecalciferol but highlighted the need for further mouse research, in particular on 
mouse behaviour and movement in the field.   
 
There has been increasing demand for alternatives to toxicants such as compound 1080 and 
brodifacoum for the field control of possums and rodents, and this study has generated 
important new data demonstrating that viable alternatives exist.  The 0.4% cholecalciferol 
multi-species bait has the potential to be used in aerial control operations as an alternative to 
compound 1080.  The multi-species bait with 0.4% cholecalciferol provides a bait for the 
simultaneous control of multiple pest species, that has minimal impact on the environment 
and non-targets, is likely to be cost effective and will give higher benefits to the conservation 
of  native species.   
 
Camera traps have emerged as a valuable new tool for helping in the development of new 
baits, particularly in field trials, where non-target information is required.  Cameras may also 
be used as an additional tool for identifying the presence of pest species that are in low 
numbers.  In high-value conservation areas such as offshore and mainland islands, camera 
trap monitoring could be of particular importance.  Further research into how efficient 
cameras are as a monitoring tool compared to conventional monitoring tools is an important 
area of consideration, and is addressed further in Chapter 6. 
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Chapter 6 
 
Evaluation of the camera trap as a monitoring tool for pest 
control operations. 
 
6.1 Introduction 
The ideal monitoring method is non-invasive and provides practical and useful data for an 
accurate population estimate (as discussed in Chapter 4).  Camera trapping is one such 
promising technique for pest species monitoring. Camera traps do not modify possum, rat or 
mouse behavior at bait stations (Chapter 2).  I used camera traps to investigate interspecies 
interactions at bait stations (Chapter 3), to visually identify possum individuals for capture-
recapture population estimates (Chapter 4) and to monitor trial control operations (Chapter 5).  
Previously, camera traps have not been used for monitoring pests during control operations in 
New Zealand or internationally.  However, cameras have the potential to monitor multiple 
species by capturing images of every animal that comes into view.   
 
Multi-species pest management is a major advancement for conservation in New Zealand.  
Simultaneously reducing multiple pest species within one control operation has several 
benefits, such as being more cost-effective and less toxins are applied to the environment.  
However, when controlling both possums and rodents, different monitoring devices are 
required; traps or waxTags for possums and tracking tunnels for rodents.  WaxTags could be 
used for rodent monitoring although there are no data on waxTag accuracy for rodents.  There 
is a non-invasive multi-species monitoring method currently being investigated for pest 
species in New Zealand which use bite index similar to waxTags (Nugent et al 2007).  
Camera traps have the advantage of providing spatial data on species as well as identifying 
individuals for population densities not possible with bite indices.  Detection of multiple 
species and valuable spatial information on individuals and species make camera traps 
appealing as a monitoring device for researchers and wildlife managers. 
 
The objective of this chapter was to evaluate the camera traps accuracy to monitor the change 
in pest populations during a control operation.  Possums were used as a case study species to 
evaluate the camera traps as a monitoring tool.  This objective was addressed by calculating 
the precision around the reduction estimates obtained by both conventional monitoring tools 
and camera traps.  The calculation was largely focused on a possum control operation but was 
broadened to encompass rats and mice using results from Chapter 5 for a multi-species 
evaluation of the camera traps.  As well as being accurate, the monitoring device must be 
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cost-effective in the field, therefore a cost analysis over a five year period provided 
information on the practicality of camera traps as a monitoring tool.  
 
6.2 Methods 
The Lincoln University Animal Ethics Committee gave approval to carry out the control 
operation (Approval number AEC 288).  The Environmental Risk Management Authority 
(ERMA) also gave approval to carry out the toxic field trials (Approval number HSC 
100004).  Approval was also gained from the Canterbury District Health Board. 
 
The trial site was a pine plantation situated at Glenroy, Canterbury, New Zealand 
(43°29.5255S, 171°45.215E).  The area had been previously used for possum trials described 
in Chapter 2. The Glenroy possum control operation was conducted in May-June 2009.  There 
were two blocks; a treatment block and a non-treatment block (control).  The non-treatment 
block was a minimum of 1.5 km distance from the treatment block within the pine plantation. 
 
Monitoring was conducted before, during, and after the toxic bait was deployed.  Three 
monitoring tools were deployed; waxTags, leg-hold traps and camera traps.  The three 
monitoring tools were set out over a three week period at separate intervals from each other 
(Figure 6.1).   
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Figure 6.1. Timeline of the three monitoring methods used for the Glenroy possum control 
operation. 
 
WaxTags (www.pestcontrolresearch.co.nz) monitoring followed the NPCA (2007a) waxTag 
protocol. Fourteen lines, each of 20 waxTags spaced at 10 m were deployed; with seven lines 
in the treatment block and seven lines in the non-treatment block.  Each waxTag was attached 
to a tree 30 cm above the ground, and approximately 5 g of a 1:5 mix of icing sugar and flour 
placed on the tree below the tag, to act as a lure.  The waxTags were deployed for a three-
night period both before and after the toxic treatment.  For each three-night period, the 
number of waxTags bitten per line was recorded, divided by the total number of waxTags 
available in each line. The percentage reduction was then calculated using formula (1). 
 
Reduction percentage analysis for all three monitoring devices was calculated: 
 
% reduction = (pre1–post1/pre1)*100,     (1) 
 
where pre1 is the monitoring results prior to the treatment and post1 is the monitoring results 
after the treatment.  The mean reduction for each line (or camera) was calculated to give the 
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mean percentage change ± standard error for the toxic trial.  Standard error was calculated by 
the standard deviation of each line divided by the square root of the sample size. 
 
Leg-hold trapping followed the NPCA (2007b) trap catch protocol.  Six lines, each of 10 traps 
spaced at 20 m were deployed, with three lines in the treatment block and three lines in the 
non-treatment block.  Traps used were possum leg-hold traps (Pest Control Research, 
Christchurch). The traps were deployed for a three-night period both before and after the toxic 
treatment. Trapping was conducted by a possum contractor.  As per the protocols the trap 
nights were adjusted per line to take into account sprung traps and a mean catch per line was 
calculated.  To maintain a standardised reduction estimate across the three monitoring tools, 
formula (1) was used to calculate the reduction estimate for the trapping results instead of the 
formula provided in the trap catch protocol (NPCA 2007b).   
 
Fourteen cameras were deployed with bait stations; with seven cameras in the treatment block 
and seven cameras in the non-treatment block.  Camera traps were present at 22% of bait 
stations deployed in the treatment block.  Cameras were deployed at the start of the second 
pre-feed.  The camera traps were deployed for a three-night period both before and after the 
toxic treatment.  Cameras were kept in place during the toxic treatment to monitor bait station 
visits for both target and non-target species.  Camera results were analysed by two methods:  
possum density index and possum activity index.  The possum density index identified 
individual possums using the identification method developed in Chapter 4.  The number of 
identified possums per camera per night was counted and a mean number of possums for the 
block was calculated.  The number of possum events at the camera traps was used to calculate 
the possum activity index as described in Chapter 2.  Each camera was an independent 
sampling unit.  The percentage reduction was then calculated using formula (1) for each 
index.  The data from the possum activity index was collated for each nights monitoring 
period; before, during and after the toxic treatment and graphed.  All non-target species 
visiting the bait stations during the trial were noted. 
 
There were two non-toxic bait pre-feeds, at weekly intervals, before the toxic treatment.  At 
each pre-feed, 500 g of non-toxic multi-species bait was placed in each station.  All remaining 
non-toxic bait was removed before the toxic treatment commenced. 
 
In the treatment block, 26 Kilmore bait stations were used with the ‘bridge’ attached (Chapter 
5).  Two hundred grams of 0.15% sodium fluoroacetate (compound 1080) multi-species bait 
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was placed out for four nights.  The bait was checked each day, and any stations that were low 
or empty received a further 100 g of bait.  After four nights, toxic bait was replaced with non-
toxic bait for a further three nights for the camera trap post-monitor.  The non-treatment block 
stations received a constant supply of non-toxic multi-species bait throughout the entire trial. 
 
 6.2.1   Corrected percentage reduction 
The non-treatment block was used to calculate a corrected percentage reduction for each 
monitoring device.  Using the non-treatment block reduction percentage an expected possum 
index (EI) was calculated for the treatment block.  The calculation followed the formula: 
 
Expected Index (EI) = preRX*(postNT/preNT) 
 
where preRX was prior to the treatment in the treatment block, postNT was after the treatment 
in the non-treatment block and preNT was prior to the treatment in the non-treatment block.  
The EI was then used to adjust the percentage reduction in the treatment block by using the 
formula: 
 
Corrected reduction = ((EI-postRX)/EI)*100 
 
where postRX was after the treatment in the treatment block. 
 
 6.2.2 Precision around the estimate 
Coefficient variation (%CV) was used to evaluate the variation around the mean reduction 
estimates (i.e. precision of the estimate) from each of the monitoring devices.  The %CV was 
calculated by the standard deviation of the mean reduction divided by the mean reduction.  
The Onawe and Manaia reduction percentages from Chapter 5 were used to calculate the 
%CV for rodents. 
 
6.2.3 Cost analysis 
The monitoring cost for leg-hold trapping, waxTags, tracking tunnels and camera trapping 
was calculated individually and as a combination of monitoring tools for multiple species.  
The cost was calculated over a five year monitoring period.  The five year monitoring period 
consisted of a control operation conducted every second year (requiring a pre-and post-
monitor) and a three day monitoring conducted in every other year (Table 6.1). 
 
 99 
Table 6.1.  Monitoring schedule over five years for the cost analysis at Glenroy trial site. 
Year Monitoring schedule 
0 Purchase of all monitoring devices, monitoring 
prior to (three days) and after (three days) a 
control operation 
1 Three day monitoring 
2 Monitoring prior to (three days) and after 
(three days) a control operation 
3 Three day monitoring 
4 Monitoring prior to (three days) and after 
(three days) a control operation  
 
It was assumed that all monitoring devices were bought new in the first year (Year 0).  The 
size of the Glenroy trial site was used to allocate the number of monitoring units required for 
each method; 6 lines of 10 traps, 14 lines of 20 waxtags, 14 lines of 10 tracking tunnels and 
10 cameras.  While placing out the monitoring tools for the Glenroy control operation, the 
time took to completely set out the monitoring devices was noted and the time was used to 
estimate labour costs at a fee of $25 per hour.  Although most contractors have a cost-per-line 
fee, the hourly rate was considered an adequate cost for easy to moderate terrain (S Hix pers 
comm.; D Hunter pers comm.).  Throughout this PhD I had two faulty cameras out of 20; 
therefore one complete camera trap set up replacement was allocated into the cost at year 
three.  One complete camera trap set-up consisted of a camera trap, security cable lock, 
rechargeable 3V battery, spare camera battery and two 2 Gb memory cards.  There has been 
substantial cost reduction of camera traps over the last three years; therefore, the most recent 
camera trap price was used for the cost analysis 
(http://www.trailcampro.com/bushnelltrophycamreview.aspx).  It was assumed that once leg-
hold traps were bought that they would all be effective for a five year period and no additional 
traps were added into the cost.  Tracking tunnels were left on site for the full five years with 
no lost or broken tunnels added into the cost.   
 
The discounted cost over five years for each monitoring tool was calculated using equation 
(2) to determine the net present value of each monitoring tool.  A discount rate of 10% was 
used which is a standard developed in New Zealand for government funded projects (Forbes 
1984).  The standard discounted rate has been used in previous control cost simulations 
(Barlow 1991, Ross 1999). 
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where C is the undiscounted cost, i is the yearly discount rate and t is the year.  Both the 
actual cost and discounted cost over five years was tabulated for leg-hold traps, waxtags, 
tracking tunnels, camera traps and a combination of leg-hold traps and tracking tunnels (as 
would be required for monitoring possums and rodents in a multi-species operation). 
 
6.3 Results 
An excellent reduction of possums was seen from all three monitoring techniques with over 
95% possum reduction in the treatment block (Table 6.2).  One possum was trapped in the 
treatment block after the toxic treatment.  Although four events were indicated from the 
camera traps after the toxic treatment, the four events were from one camera and the same 
possum was identified at each event.  Upon describing the identifying features of the possum 
to the contractor, it was thought that the possum caught on camera was the same possum 
caught in the leg-hold trap.  The bitten waxtags were all together in the same line and was in 
the general area of the camera and leg-hold trap that also captured the identified possum.  
Both the possum density index and the possum activity index produced the same reduction 
estimate.  All three monitoring techniques showed a possum increase in the non-treatment 
block of over 100% (Table 6.2) (Figure 6.2).   
 
Table 6.2.  Change in possum population estimates over the control operation (corrected 
percentage kill in brackets) for three monitoring devices: Waxtag, leg-hold trap, and camera 
trap.  Note that there was a decrease in the treatment block and an increase in the non-
treatment block. 
 Monitoring device 
 WaxTag Leg-hold trapping Camera trap (both 
possum index and 
activity index) 
Treatment block -97.7% (-98.1%) -95.3% (-97.9%) -95% (-99%) - for 
both indexes 
Non-treatment block +104% +218.5% +324.6% 
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Figure 6.2. Percentage reduction (±SEM) of possums at the Glenroy treatment block for 
the three monitoring devices; waxTags, leg-hold trapping and camera traps.  
 
The camera traps had high number of possum events in the treatment block which declined to 
near zero after the first night the toxic treatment had been deployed (Figure 6.3).  The non-
treatment block had considerable increase in possum events during and after the toxic 
treatment.  The possum activity was so high in the non-treatment block after the treatment that 
the camera traps could not provide data throughout the whole night due to low battery voltage 
or full memory.  Therefore the results in the non-treatment block after the treatment contain 
data from approximately six hours of each night activity, not the full night (Figure 6.3).  The 
increase in the non-treatment block was evident in all three monitoring devices. WaxTags 
showed the lowest increase in activity while camera trapping showed the highest (Table 6.2).   
 
Camera traps showed no non-target species visiting the bait stations during the trial. 
84.00
86.00
88.00
90.00
92.00
94.00
96.00
98.00
100.00
102.00
waxtag trapping cameras
%
 r
ed
u
ct
io
n
 
Monitoring device 
 102 
 
Figure 6.3.  Mean number of camera trap possum events (±SEM) before, during and after the 
toxic treatment in the treatment and non-treatment blocks at Glenroy trial site. 
 
All three monitoring devices at the Glenroy trial had little variation around the mean 
reduction estimate (Table 6.3).  Because of the small sample size a robust significant test 
between monitoring types could not be tested, however there is highly likely to be no 
significant difference in reduction estimates between the three monitoring devices (Table 4.2) 
(Figure 6.1).  Two cameras in the treatment block were faulty during the trial, therefore only 
five cameras were analysed.   
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Table 6.3.  Precision of percentage reduction demonstrated by ±SEM and coefficient of 
variation for monitoring devices over three trial sites:  Glenroy, Onawe and Manaia.  
Percentage reduction shown in brackets. 
  Monitoring 
device 
   
Trial Site Target 
species 
WaxTag Leg-hold 
trap 
Tracking 
tunnel 
Camera 
Glenroy Possum 6.1% 8.5% - 9.5% (density 
index); 11.5% 
(activity 
index) 
 
Onawe Rat - - 0% (100%) 12.5% 
(96±3.6) 
 
Onawe Mouse - - 21.4% 
(85.8±8.2%) 
4.2%  
(96.2±1.1) 
 
Manaia Possum 32.6% 
(81.3±18.8%) 
-  54.5% 
(73.6±14.5%) 
 
Manaia Rat - - 86.6% 
(26.7±13.3%) 
2.18% 
(88.5±1%) 
 
 
Camera traps had little variation around the mean for rat and mouse monitoring at the Onawe 
trial site.  Because of the 100% rat reduction at the tracking tunnels at Onawe there was no 
%CV available.  The results for mice at Onawe had over 20% variability around the mean 
with tracking tunnels.  Possum results at Manaia showed large variability around the mean for 
both WaxTags and camera traps.  Manaia rat results had little variation at the camera traps, 
however was quite large at the tracking tunnels (Table 6.3).  Manaia results are indicative of 
the high variation of activity and mixed reduction estimates seen in the trial (Chapter 5).  
 
Over five years, leg-hold trapping was the most cost effective tool for the monitoring of single 
species (possums), followed by waxtags.  Camera traps was the most expensive for single 
species monitoring.  There were limited numbers of leg-hold traps deployed at the trial site 
due to the steep terrain in parts, however if 14 lines of traps were deployed as with the 
waxTags, it would be expected the leg-hold trapping would have been the most expensive.  
When the leg-hold traps were combined with tracking tunnels for multi-species monitoring 
(possums and rodents), the trap and tracking tunnels combination was the most expensive.  
Camera traps were the most cost effective as a multi-species monitoring tool (Table 6.4). 
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Table 6.4.  Projected cost analysis for monitoring tools to monitor the Glenroy trial site over 
five years with three control operations and two monitoring years.  Total and discounted cost 
is given for each monitoring tool and trapping and tracking tunnel cost combined. 
Monitoring tool Total cost Total discounted cost 
Leg-hold trapping $5,544.00 $4,748.20 
WaxTags $7,008.00 $5,851.09 
Tracking tunnels $4,203.36 $3,671.81 
Camera Trapping $6,800.00 $6,416.26 
Leg-hold trapping plus 
tracking tunnels 
$9,747.36 $8,420.01 
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6.4 Discussion 
The Glenroy and Onawe trials provided evidence that camera trap monitoring was an accurate 
monitoring tool for possums, rats and mice over control operations.  Camera traps remain an 
expensive option for monitoring a single species but become cost-effective when multi-
species monitoring is required. 
 
Spatial distribution of target species needs to be taken into consideration.  There was one 
camera trap available for every line of waxTags.  A line of leg-hold traps or waxTags was 
spread along 200 m (NPCA 2007a & b).  With a device placed every 10 or 20 m the chance 
for an animal to interact with a device is high.  Placing one camera across 200 m may limit 
the chance of an animal interacting with the camera device.  However, it is well known that 
bait will lure possums into areas not covered by their natural home range (Chapter 5; 
Warburton et al. 2009).  Monitoring during the second pre-feed will allow animals present in 
the area a higher chance of interacting with a camera trap device because they have a known, 
reliable food source.   
 
Camera traps were deployed at 22, 40, and 50% of the bait stations at the Glenroy, Onawe and 
Manaia sites respectively.  The precision of the camera reduction estimates did not reduce as 
the number of bait stations covered was increased (Table 6.2), indicating that 22% bait station 
coverage at 200 m spacing may be adequate to provide an accurate reduction estimate with 
camera traps.  However, if there was a smaller number of camera traps and one or two 
cameras had no activity or malfunctioned then the sample size would not be adequate to 
ensure an accurate reduction estimate.  Further research on the number of camera traps 
required for different trial sites would progress the use of camera traps as a monitoring tool. 
 
The camera spacing for possums may not be adequate for rodents.  Throughout this PhD, 
cameras have not been used in an area where possums, rats and mice were all present at the 
same trial site.  Glenroy results indicated that one camera for every possum waxTag line was 
adequate for accurate possum reduction estimates.  During the rodent control operations there 
was a camera situated at approximately every 100 m and results indicate 100 m spacing was 
able to provide precise reduction estimates (Table 6.3).  However, spacing cameras every  
100 m would not provide an independent sampling unit for possums thereby reducing the 
accuracy of the estimate. A solution to maintaining accuracy would be to individually identify 
possums in order to eliminate repeated visits by the same possum.  The possum density index 
indicated that accuracy of the reduction estimate was possible using the identification method.  
 106 
Research is required to test the camera traps for spatial accuracy in areas with all target 
species present. 
 
Variation at the sampling units had a large influence on the %CV.  If the results per line or per 
camera trap were highly variable, there was a larger %CV.  High variation of results causing a 
high %CV was obvious at the Manaia trial site.  Most wild, free-ranging animals are patchily 
distributed throughout the environment (Conroy et al. 2008; King 2005). Therefore, a lack of 
activity at some stations and high activity at others will increase the deviation from the mean 
thereby reducing the accuracy of the reduction estimate.  More camera trap trials conducted 
with each species would solidify the results seen from the trials conducted during this PhD.    
 
Camera trap monitoring was cost-effective for multiple species because camera traps required 
minimal maintenance in the field and could be left for an extended period of time.  There are 
three components in the camera that have the potential to limit the amount of time the camera 
can stay active; control board battery, camera battery, and the memory storage capacity.  All 
of these components were dependent on bait station activity, i.e. how much the camera was 
used in one night.  The 3V battery that drives the control board was the least likely to cause 
problems. Even with heavy activity (constant possum presence at a bait station) the 3V battery 
could last for at least three weeks.  Memory storage also presented minimal problems; 2 Gb 
memory card was able to store at least 700 images (approximately 2.5 Mb per image). The 
camera could also be set at various time delay settings to reduce the number of images of the 
same animal in heavy activity areas.  However, the camera battery did restrict camera trap 
use.  In heavy activity periods the camera battery could only last up to six hours.  During the 
post monitoring period of the non-treatment block at Glenroy there was heavy possum 
activity. The camera traps on trail mode setting were unable to last a full night due to the 
camera battery going flat (Figure 6.2).  The inadequacy of the camera battery would indicate 
that camera traps would be more suitable for moderate to low population monitoring.  During 
the Onawe trial at least two rats were found to be present in the treatment block after the toxic 
treatment where the tracking tunnels found none (Chapter 5). The Onawe rat results provide 
further support that camera traps are most suited to low population monitoring.  Using other 
time delay settings on the camera trap may reduce the workload on the camera battery, 
however was not tested during the trial.  Camera traps could remain active for up to three 
months without maintenance in areas of low activity. 
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Possum control operations are aimed to achieve a minimum 95% reduction of the target 
species (NPCA 2007a&b); the Glenroy trial achieved that standard.  All three monitoring 
devices showed over 95% possum reduction in the treatment block.  Camera traps showed 
that most possums visited stations and consumed a lethal dose within the first night of the 
toxic bait being deployed (Figure 6.2).  Possum activity levels increased dramatically in the 
non-treatment block over time; the increase was due to the abundant supply of non-toxic 
multi-species bait that was available in the non-treatment block for five weeks (from the first 
pre-feed through to the end of the camera trap post-monitor).  The increase in the number of 
possums in the non-treatment block is evidence of possum movement into the block caused 
by the food availability, as discussed in Chapter 5.  All three monitoring devices were able to 
provide accurate reduction estimates for possums, therefore the choice of  monitoring device 
comes down to cost and field practicality.  Camera traps are costly for wildlife managers if 
they are used for single species monitoring, however camera traps are easy to use in the field 
and require minimal field maintenance.  For managers and conservation groups requiring 
additional information such as non-target activities and spatial information of species as well 
as accurate reduction estimates, camera traps would be an excellent monitoring device to use. 
 
Even though camera traps were an expensive option for single species monitoring, camera 
traps were able to provide maximum data with minimal labour; making the camera traps an 
appealing monitoring device for wildlife researchers, managers and conservation groups.  The 
visual evidence of pest species in the environment as well as the additional information 
gained such as non-target species activity and spatial data was able to provide more valuable 
information than conventional monitoring tools.  There was an indication that camera traps 
would be most suitable for low pest populations; as in heavy activity periods cameras would 
have to be checked regularly thereby adding to the cost.  Research into spatial placement and 
number of camera traps required for large control operations is needed to support the evidence 
seen here that camera traps were a cost-effective and accurate multi-species monitoring tool. 
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Chapter 7 
Summary 
 
Figure 7.1 summaries the results from this PhD.  Chapter 2 investigated the impact of white 
flash cameras on the behaviour and movements of three target species (possums, rats and 
mice) at bait stations.  Possums and rats showed no significant changes to bait station 
activities throughout a six night test comparing infrared flash cameras and white flash 
cameras.  Mice showed a significant difference of activities however the number of white 
flash activities was higher than those activities at infrared flash cameras, indicating no impact 
of the white flash on mouse activities.  There may have been some indication of a neophobic 
response from mice towards both camera flash types and a larger sample size trial should be 
instigated to solidify results seen in Chapter 2. 
 
Chapter 3 investigated the interspecies interactions at bait stations that may hinder the success 
of multi-species control operations.  Rat populations were manually reduced in an area with 
mice present and camera traps at bait stations identified the change in mouse activity with and 
without rats present.  In areas where rats had been reduced, there was a significant increase in 
the number of mouse activities at bait stations.  The null hypothesis:  
 
H0: that presence of rats does not change mouse activity rates at bait stations  
 
was rejected.  The alternative hypothesis, that the presence of rats causes a change in mouse 
activity rates at bait stations was therefore accepted.  The trial provided evidence that rats 
were causing a reduction in mouse activity at bait stations.  The interactions between different 
pest species at bait stations are not well understood and studies of this nature should be 
instigated to identify problems that may lead to a failure of multi-species control operations. 
 
Chapter 4 developed and tested a method for the identification of individual possums using 
high resolution colour images from camera traps.  The developed method successfully 
identified a small population of possums and estimated population density by using the 
capture-recapture method.  Problems with camera placement and light variation is likely to 
restrict the identification method with larger possum populations.  Further developments such 
as computer programmes to reduce workload, and research into adequate camera placement 
are now required to develop the identification method.   The identification method developed 
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has the potential to be modified for the identification of other species, including native birds. 
The possum population size was estimated using capture-recapture analysis with excellent 
results indicating the efficiency of camera traps as a monitoring tool for population studies. 
 
Chapter 5 tested a newly developed multi-species non-toxic bait matrix for three target 
species.  Camera traps allowed for the bait to be accurately tested in the field by monitoring 
species presence at bait stations.  A low dose cholecalciferol (0.4%) was then added to the 
multi-species bait and tested in both cage and field for its efficiency to reduce the three target 
species.  All three target species found the multi-species non-toxic bait highly palatable in 
both cage and field trials.  In both cage and field trials the null hypothesis; 
 
H0:  that the multi-species bait has lower palatability than RS5 bait for all three target species 
 
 was therefore rejected.  The alternative hypothesis, that the multi-species bait had equal or 
greater palatability than RS5 for all three target species was therefore accepted. 
 
In both cage and field trials the null hypothesis: 
 
H0:  that 0.4% cholecalciferol was unable to effectively reduce all target species by 100% in 
the cage and 80% or higher in the field trials  
 
was also rejected for all three target species.  The alternative hypothesis, that 0.4% 
cholecalciferol was able to effectively reduce all target species by 100% in the cage and 
<80% or higher in the field trials was accepted. Cholecalciferol 0.4% produced excellent 
results in both cage and field trials indicating that it was a viable option as an alternative to 
compound 1080 and brodifacoum.  Larger-scale ground control and aerial applications would 
be a next step to cement the success seen in the control operations conducted in Chapter 5.  
Camera traps monitored bait stations throughout the field trials, and results suggest that 
camera traps have the capability of detecting low numbers of pest species where conventional 
monitoring tools couldn’t.  Camera trap monitoring was also found to be important in 
detecting non-target visits to bait stations. 
 
Chapter 6 evaluated the camera trap as a monitoring tool during control operations by 
assessing the precision of the reduction estimates from camera traps and conventionally-used 
monitoring tools (leg-hold trapping, WaxTags, tracking tunnels).  A cost analysis was also 
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calculated to evaluate the cost-effectiveness of using camera traps as a monitoring tool.  There 
was little variation around the camera trap estimate and the estimate was similar to those from 
the conventional monitoring tools.  The trial provided evidence that camera traps were able to 
provide accurate reduction estimates over control operations.  The cost analysis indicated that 
as a single-species monitoring device, camera traps were expensive, however as a multi-
species tool camera traps were very cost-effective.  Camera traps were found to be most 
suited to monitoring multiple species in low pest populations. 
 
Future directions 
Advancements in camera technology is moving very fast.  The camera traps used throughout 
this PhD are now becoming antiquated as there are now smaller, cheaper devices available.  
Along with the smaller size trigger mechanisms are faster, higher resolution images are 
possible and more efficient batteries mean that the cameras can stay even longer in the field 
without the need to go out and check them.  These advancements open the door further for 
research into camera traps as monitoring devices for New Zealand pest species.  In particular, 
remote accessing data should be explored to further minimise labour costs while continuing to 
obtain maximum data; this would mean a base unit is set up with which multiple camera data 
from the field can be downloaded from the one device.  Or using satellite systems that can 
send the images directly to your computer with information from multiple cameras including 
images, battery life and memory card capacity.  These advancements would particularly suit 
areas where there are low densities of pest species.  Chapter 3 and 5 have shown that camera 
traps were able to pick up very low densities of rats where tracking tunnels couldn’t, therefore 
research into the camera trap potential to indicate the presence of pest species in areas such as 
offshore islands would be very important. 
 
Spatial accuracy of the camera traps if used for multiple pest monitoring requires further 
research.  Throughout this PhD it has been shown that camera traps will successfully monitor 
possums, rats and mice but camera trap monitoring has not been trialled when all three pest 
species have been present in the same area.  To that end, without identifying individuals there 
may be a contagion caused by one animal visiting several cameras.  Research is needed to 
establish the number of cameras required within an area to provide accurate estimates and at 
what spacing those cameras should be placed. 
 
Possums, rats and mice were the target species throughout this PhD, however there is much 
scope for the camera trap to be used to monitor the activities, habitat distributions and 
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efficiency of control operations for many other pest species such as mustelids, feral cats, thar 
and feral deer.  There is also the possibility of using the camera trap to monitor the presence 
of cryptic or low density bird species that may be difficult to monitor such as New Zealand 
Falcon (Falco novaseelandiae), fernbird (Bowdleria punctata), and kererū (Hemiphaga 
novaeseelandiae). 
 
Identifying individuals with camera traps for accurate population estimates is an important 
future research focus.  Chapter 4 showed that camera traps can be used to identify individual 
possums and re-identification of individuals was also possible allowing mark-recapture 
analysis of population size, however there were several issues such as light variation and 
adequate profiles that needs to be fully examined.  Future work may not need to go into the 
visual identification process but instead make a simple marking device attached to the bait 
station that will uniquely mark the individual that could simplify the identification process. 
 
The bait trialled throughout this PhD has been very palatable to the three target species and 
has shown good efficacy in small-scale field trials.  There is potential for the multispecies bait 
to be used for aerial and large scale control operations, in which the bait would need to be 
trialled for efficacy on that larger scale.  There have been advancements in toxin development 
in recent years and different toxins could be trialled within the multispecies bait that may 
perform more efficiently from a welfare perspective; with the outcome being a bait which is 
highly efficient in killing target species humanely with low risk to non-target species and will 
not persist in the environment. 
 
Throughout this PhD there were control operations and trials conducted where, in hindsight, if 
they were conducted at a different stage of the PhD, the results may have incorporated into 
control operations as further supporting evidence.  Figure 7.2 shows the timeline of when 
these trials were conducted.  Because of the set timeframes of when control operations must 
be conducted, the majority of the fieldwork analysis was conducted after all the field trials 
were complete therefore any results from trials were unable to be integrated into control 
operations. 
 
Camera traps are evolving incredibly fast within the ecology field and this PhD has shown 
new applications for the camera trap and potential uses for pest management research. 
Interesting data from the camera traps involving interactions between pest species at bait 
stations would have been difficult to obtain without the use of camera traps and the results 
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have the potential to change the way pest control operations are conducted in the future.  
Multi-species bait that is able to simultaneously control more than one pest species and 
multiple species monitoring devices provide the means to efficiently and cost-effectively 
control and monitor pest species for the conservation of New Zealand’s native species. 
 
Figure 7.2.  Summary timeline indicating when control operations and trials were conducted 
during this PhD. 
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Figure 7.1.  Summary outline of the topic areas and specific research objectives addressed in 
this thesis, in the context of multi-species pest monitoring and control. 
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Abstract 
The use of infrared flash camera traps has increased dramatically over the past ten 
years particularly for capture-recapture population studies of distinctly-marked species.  
However to use capture-recapture with the more inconspicuous species, high-quality colour 
imaging (and therefore white flash) is required.  A potential problem with white flash is that it 
may negatively affect behaviour, in this case at bait stations, therefore causing results that do 
not truly represent possum activity.  Possums were used in this study to compare two different 
types of camera trap; infrared and white flash.  Camera traps were placed to take images of 
possums visiting bait stations, and the number of possum visits was used to determine if white 
flash cameras gave different results to infrared flash cameras. The white flash cameras had 
slightly higher possum visits than infrared flash cameras but the difference was not significant 
(P=0.437).  Over time, the number of possum events (P=0.62) and the amount of time 
possums spent at the stations did not differ significantly (P=0.81).  There was also no 
difference in the amount of bait taken by possums at white flash compared to infrared stations 
(P=0.61).  Results show possums are not likely to be affected by white flash cameras 
compared to infrared.  This study therefore showed that there is unlikely to be any 
behavioural disadvantage in using white flash over infrared, allowing white flash cameras to 
be investigated for potential in identifying individual possums, and as a monitoring tool in 
control operations. 
 
Introduction 
Studies using camera traps have increased dramatically over the last ten years 
(Rowcliffe et. al 2008) in parallel with camera technological advancement. Camera traps have 
the benefit of being used remotely without the need for direct contact with animals. In 
particular, camera trap research has been shown to provide excellent results in discovering 
and monitoring rare and cryptic species (Rowcliffe & Carbone 2008, Cutler & Swann 1999).  
Camera traps have traditionally used infrared flash. Many studies involving different species, 
and comparative evaluations with other indirect monitoring techniques, show that infrared 
cameras have minimal impact on species behaviour (Silveria et al 2003, Carbone et al 2001, 
Stevens & Surfass 2008, Rowcliffe et al 2008).  Although camera traps have increased in use, 
monitoring the number of individuals in a population has been restricted to species that have 
individually-distinctive markings, such as tigers (Panthera tigris). Although recent studies 
show that it may be possible to estimate populations without the need for identifying 
individuals, research is still required to validate these theories (Rowcliffe et al 2008, Royle et 
al 2008).  Being able to identify individuals from camera images allows capture-recapture 
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studies, however to identify individuals it is important to have clear, high-resolution images 
both during the day and at night.  For species such as tigers, infrared flash cameras give 
adequate image quality for individual identification (Karanth et al 2004, Kelly et al 2008).  
However, using camera traps to identify the more inconspicuous species there is a need for 
high resolution coloured images.  White flash cameras are available which give the quality 
required to identify small unique markers on more generic-appearing species. New Zealand’s 
introduced mammalian pests such as brushtail possums (Trichosurus vulpecula) are relatively 
generic-looking; however, high resolution images allow us to magnify specific anatomical 
features.  From this it may be possible to identify individuals using small markers such as ear 
veins and permanent scarring, or a combination of these markers.  This would enable us to use 
the camera traps as a monitoring device in control operations and other population studies. 
 
A potential problem with white flash cameras is that they emit a sudden burst of bright 
white light, thus raising the possibility of target animals modifying their behavior, such as 
moving away from the area.  There have been studies comparing video surveillance with 
different camera trap types such as passive or active infrared flash cameras (Jackson et al 
2006, Stevens & Serfass 2008).  However there has not been a study looking at the potential 
affects of white flash cameras.  If animals are scared by white flash, it will modify their 
normal behaviour, and so bias the results of any behavioural studies.  Possums are arguably 
New Zealand’s most persistent mammalian pest; therefore possums were used as the target 
animal in this study, with other species planned in the future.  The objective of this study was 
to determine whether white flash cameras give the same number of possum events at bait 
stations compared with the infrared flash cameras. With this objective the amount of time 
possums spend at the station during the event and the amount of bait possums consume at the 
two different camera type stations was compared. 
 
Methods 
The study area was a 700 hectare pine plantation consisting mainly of Pinus radiata, 
situated in Glenroy, Selwyn District, Canterbury, New Zealand (43⁰ 29.5255S, 
171⁰ 45.215E).  The trees were approximately 25 years old, situated on undulating to steep 
ground.  The plantation was intermittently broken up by small stands of native beech 
(Nothofagus spp).  Preliminary monitoring with waxtags (www.pestcontrolresearch.co.nz) 
before the trial indicated that possums were present in the study area. 
 
A total of 30 cameras were deployed throughout the pine plantation; 15 with infrared 
flash and 15 with white flash.  Camera traps were Pixcontroller Digital Eye 7.2 
(www.pixcontroller.com).  The cameras consisted of a Sony digital camera (Sony W55) 
attached to a control board which contained a passive infrared sensor.  When the sensor is 
triggered by heat and movement, the camera is activated to take an image.  All cameras were 
configured to ‘trail’ mode which means they took images at the quickest rate possible (about 
one image every 3 seconds) for the entire time an animal was moving in front of the camera.  
The two camera traps types were deployed in alternating sequence, with a minimum spacing 
of 200 m, in randomly selected areas of the study site.  A pair of kilmore bait stations 
(www.pestcontrolresearch.co.nz) were attached to a tree within the field of view of each 
camera trap.  Approximately 800 g of cereal bait was placed in each bait station, and the 
actual weight of bait was measured at the start and finish of each trial period. 
 
A total of 10 cameras were used in this study, five infrared, and five white flash. The 
10 cameras were deployed for six nights at a time.  After each period of six nights, all 10 
cameras (with their bait station pair) were moved to a new set of 10 sites, independent of the 
last.  This was done three times so that a total of 30 camera settings were completed. 
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Cameras and bait were checked every second day and if the bait was low it was 
replaced with new bait giving a constant supply of bait to the possum.  Camera batteries and 
memory cards were also replaced every second day. 
 
For every camera, the number of possum encounter events was counted.  One event 
constituted one individual entering and exiting the field of view of the camera.  Images that 
were empty of animals, or displayed species other than possums, were disregarded.  Total 
number of events for the two camera types were statistically compared with a student t-test.  
The number of events was then broken down into the number of events per night and this was 
analysed by a generalised linear model using negative binomial.  The amount of time each 
event took was gathered from the exchangeable image file (exif data); the start and finish of 
each event was noted and event length was taken from subtracting the finish time from the 
start time.  This was collated for each camera each night for the six nights.  Time spent at the 
two different camera stations was analysed with a generalised linear mixed model.  
 
Bait take by possums was measured by weighing the bait in each station at the start 
and end of each six-night period.  Student t-tests were used to compare bait take at infrared 
cameras to that at white flash camera stations. 
 
Results 
Of the 30 camera stations, 22 had possum events (12 white flash cameras and 10 
infrared flash cameras), therefore only the data from these 22 cameras was analysed.  Over the 
six night period there were 260 possum events; 105 infrared flash camera events and 155 
white flash camera events.  Although there were more possum activity events for the white 
flash cameras (Figure 1), it was not found to be significantly different (P=0.437, df=20).  The 
number of events per night remained fairly constant over time suggesting there were a 
consistent number of possums visiting each camera station every night. 
 
Over time, with the exception of night four, the average number of events was slightly 
higher for the white flash cameras (Figure 2), however no statistically significant difference 
was found (χ2=0.921, df=1, P=0.337)  
The amount of time spent at each of the two different camera types (Figure 3) did not show 
any significant difference (F5,248=0.46; P0.809).  The amount of bait taken by possums was 
also found to be insignificantly different between the two camera types (P=0.61,df=18) 
(Figure 4). 
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Figure 1:  Mean number of possum events per camera for the two camera types with standard 
error bars.  
 
 
 
 
 
Figure 2:  Mean number of possum events per night with the two camera types (infrared flash 
and white flash) with standard error bars.   
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Figure 3:  Mean amount of time possum spent during events over time for the two different 
camera types, with standard error bars. 
 
 
Figure 4:  Mean amount of bait consumed by possums at the two camera types with standard 
error bars. 
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The number of possum events ‘captured’ by the cameras did not change when using 
the white flash camera; the number of times they visited the station, how long they spent at 
the station (Figures 2 & 3) or how much bait they consumed while at the station (Figure 4) 
were all insignificant when compared to the capture rate of the infrared flash camera.  If 
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possibly subsequent short visits, until the possum perceived no threat from the white flash or 
became conditioned to it.  However this was not the case.  Possums in New Zealand are 
relatively unchallenged in their environment and therefore have the opportunity and 
disposition to explore and investigate novel objects.  The new object in this case is the white 
flash of a camera going off and then subsequent constant flashing while the possum was at the 
station.  A study involving the assessment of a possum population towards potential threats 
found them to have little change in feeding behaviour when a threat was presented to them 
(McDonald-Madden et al 2000).  It is therefore evident that when food is used as a lure, 
possums will readily approach a new object.  Once the station had been initially explored with 
no negative consequences, it was likely the possum would not be bothered by the white flash 
shown by the lack of change in the number of events in this study (Figure 1).  
 
When exposed to a negative experience, possums do have the capability to learn to 
quickly avoid that object.  This is shown by the possum eating toxic bait producing sub lethal 
effects, they will become ‘bait shy’ towards any bait regardless of whether it is toxic or non-
toxic (Morgan et al 1996, Ross et al 1997).  Therefore, they have the capability of perceiving 
threats once they have been experienced and modify their behaviours accordingly.  The 
possum population in this study had not been exposed to bait stations within the last five 
years, so did not have any bait shyness towards the station. Therefore the possum population 
in this study would likely be bolder in initially approaching the stations than those possums 
that had been previously exposed to bait stations.   
 
There have been a number of techniques explored for luring possums to a bait station, 
including smell, taste, sound and visual stimuli (Ogilvie & Sakata 2006, Ogilvie et al 2006, 
Warburton & Yockney 2009, Thomas & Maddigan 2004).  Possums seem to be attracted to 
light; studies have shown that fluorescent lures beside wax bait interference devices will give 
higher number of bites than those without a fluorescent lure (Ogilvie et al 2006).  Another 
study using a box with white light indicated that possums will investigate the box more when 
there is white light present than without (Carey et al 1997).  There were slightly more possum 
events with the white flash cameras in the present study and it may be that possums are 
attracted to the bait stations by the white flash being activated.  Although there was no 
significant increase in possum events over six nights, prolonged studies of this nature may see 
an increase in events because other possums in the area are attracted to the stations. 
 
Although possums are bolder in approaching new objects particularly when food is 
used as a lure, other species that perceive a higher predator threat may be wary of the white 
flash camera and results may differ to the ones in this study.  Some studies have shown 
species such as ferrets may avoid areas where infrared cameras were being used (Newbold 
2007).  Therefore use of white flash cameras should be trialled with other species to find any 
capture rate changes associated with the white flash as well as infrared flash.   
 
In summary, the results of this study showed that white flash cameras do not 
significantly modify possum capture rates compared to infrared cameras.  For possums, white 
flash cameras can therefore be used in the same manner as infrared, without fear of the white 
flash scaring individuals away.  This information therefore opens new opportunities for using 
white flash to identify individual possums and progress into using cameras for monitoring bait 
efficiency in possum control operations and in the research of new control tools. 
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Appendix 2.  Instructions for possum identification test 
 
You have been given a set of 15 events (images within the event is one 
individual possum).  For each event look at the set of images (you may only 
need to look at one image or a few images) and follow the instructions below to 
identify the individual. 
 
1. Identify the possum into two base coat colours, grey and black-red. 
2. Find an image that has a good side or front profile and enlarge the image 
so just the face/head is seen. 
3. Look at ears for distinguishing cuts 
4. Look at nose/face for scars 
5. Take a look at face and any particular dark shading around the facial area 
6. Zoom out to view the whole body and have a look at colour, shading of 
the body coat and other features which may be unique. 
7. Compare image with similar possums already identified 
 
You may only need to use one or two of these steps to identify the individual or 
may need to use all six steps. 
An example of the types of features on the possum to look at is provided.  
Note, there may be duplicate possums throughout the events.   
Fill out the data sheet provided. 
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Appendix 3.  Datasheet for the possum identification test. 
Possum Identification test 
 
Observer Number: 
Event Identification Possum 
Number 
Identifying feature 
1 Yes Maybe No   
2      
3      
4      
5      
6      
7      
8      
9      
10      
11      
12      
13      
14      
15      
 
 
 
